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ABSTRACT 
Soybean [Glycine max (L.) Merr,] has the potential to produce abundant herbage for 
forage. Recently, soybean lines have been developed specifically for use as forage. The 
objective of this study was to evaluate the agronomic performance (vegetative growth and 
aboveground biomass yield) and nutritive value [in vitro dry matter digestibility (IVDMD), 
neutral detergent fiber (NDF), cellulose, hemicellulose, lignio, and crude protein 
concentrations] of these soybean lines in the Western Com Belt. In 1994, thirteen forage 
soybean lines and five check cultivars were studied. In 1995, these same entries were 
evaluated, plus one new forage line and an additional check cultivar were added to the 
experiment. Plants were grown in 76-cm rows and samples were collected biweekly. 
By 135 d after planting (DAP), forage soybean lines yielded 5 to 19% more dry mass 
than 'Sherman', which produced the highest dry mass of the check cultivars. Forage lines 
were 37 to 69% taller than 'Biloxi', the tallest check cultivar. Forage lines with the highest 
yield and lowest lodging scores (l=upright to 5=prostrate) were OR 14-13-2 (10.8 t ha"' and 
lodging score of 1.8) and OR 14-11-2 (10.5 t ha"' and lodging score of 1.5), which attained 
1.87 and 1.95 m heights, respectively. The LAI of these two forage soybeans were 5.5 and 
5.3, respectively, which was less than that of Biloxi (7.5) and higher than that of Kenwood 
(4.9), two check cultivars. Reproductive stage of these lines started 60 to 88 DAP, whereas 
Sherman started by 55 DAP. Forage lines had more stem dry mass accumulation than grain-
type check soybeans. Based on agronomic performance, forage lines were superior to grain 
types for forage production. 
I 
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Forage lines had higher concentrations of fiber constituents than grain types. Neutral 
detergent fiber and lignin concentrations were 560 and 95.5 g kg ^ respectively, for OR 14-
13-2, and 440 and 58.3 g kg*', respectively, for Sherman. Crude protein concentration and 
rVDMD of forage lines were lower compared with those of the grain types. The line OR 14-
13-2 had a crude protein concentration of 158 g kg'^ and IVDMD of566 g kg"', whereas 
Sherman had a crude protein concentration and IVDMD of236 g kg'^ and 649 g kg'', 
respectively. High NDF and low crude protein concentrations of stem contributed to low 
rVDMD of forage soybeans. The higher crude protein concentration and IVDMD of check 
cultivars were caused by the higher crude protein accumulation in reproductive parts. 
Differences in dry matter partitioning among plant parts between forage and grain types, 
together with inherent differences in the quality of the two types, accounted for observed 
differences in whole-plant forage quality. 
i 
I 
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GENERAL BSTRODUCTION 
Introduction 
Soybean [Glycine max (L.) Merr.] has become a major oil and protein crop in the 
United States. However, it was originally introduced in this country as a forage crop in the 
early 1920's (Amy, 1926; Good, 1942). The potential of soybean for use as an alternative 
forage crop was recently reevaluated (IBntz and Albrecht, 1994; ffintz et al., 1992; Gupta et 
al., 1973; Johnson et al., 1985). 
Research on s^onomic performance and quality of soybean as forage has centered on 
grain-type soybeans with an emphasis on grain yield. Until recently there has been little effort to 
improve soybean as a forage crop. Research on the performance of soybean for use as high-quality 
forage has indicated that it may fit well into high-production livestock systems such as dairy. 
Realizing the potential of soybean for use as forage. Dr. T. E. Devine began a breeding 
improvement program in 1976. Cultivars Wilson 6, Forest, Perry, and line L76-0253 were used 
for initial crosses. Cultivars Tracy M, Burlison, BSR 201, and Ripley were also used in crosses. 
By 1994, more than 14 soybean lines were developed for forage production. These lines are in 
maturity group (MG) V and VI (T. E. Devine, 1994, personal communication), whereas soybean 
cultivars normally planted in Iowa are in MG II and m. The objectives of this research were to 
determine the agronomic performance (yield, dry weight proportion, height, lodging, node number, 
development stage, and leaf area index.) of forage soybean planted in Iowa, and to determine the 
nutritive value (in vitro dry matter disappearance, nottral detergent fiber, lignin, cellulose, 
hemiceOulose, and crude protein) of soybeans grown for forage. 
Dissertation Organization 
This dissertation contains two papers, which are preceded by a literature review and 
followed by a general conclusion. The papers are proposed for submission to A^ormmy Journal. 
References to sources cited in general introduction and general conclusion are in the general 
reference section that follows the general conclusion. 
CHAPTER I 
LITERATURE REVIEW 
Soybean Growth and Development 
Soybean [Glycine max (L.) Merr.] growth can be classified as determinate and 
indeterminate. Determinate is the type in which the stems stop growing when reproductive 
development begins, whereas with indeterminate growth, there is no termination in stem 
growth during the reproductive stj^e. Semi-determinate growth falls between these two 
types. In addition to differences in growth, soybeans are also classified by maturity group 
(MG) 00 to Vin. Maturity group refers to their adaptation to latitude and represents their 
adaptation to temperature and photoperiod. Maturity Group I and II cultivars are adapted to 
the northern regions of United States, MG n and III cultivars are adapted to the central Com 
Belt, MG rv and V cultivars are adapted to east coast, and the upper and central South. 
Maturity group VI and Vn cultivars are adapted to the Southeast and the West, and MG Vm 
cultivars are adapted to the region near the Gul^ in the Southern Unites States (Scott and 
Aldrich, 1970). 
Maturity group dififerences resulted in differences in above ground biomass yield 
(Johnson and Major, 1979). They reported that when planted in Missouri, soybean with MG 
rv tended to have a higher biomass yield than those of MG I, H, or V. Premature killing of 
MG V soybean by fi-ost decreased their yield. 
Much research has been done to determine the efifect of photoperiod on yield, height, 
and flowering (Settimi and Board, 1988; Wilkerson et al., 1989). Under a long photoperiod, 
soybean cv. Williams and Bragg (MG V) had a greater intemode elongation and leaf 
4 
expansion than under short photoperiod (Caffaro and Nakayama, 1988). An experiment in 
1984 and 1985 showed that under 10 h daylength, cv. Kirby, line F-82-765, and cv. Pelican 
were in stage R1 by 48, 52, and 54 DAP, respectively. On the other hand, under 14-h 
daylength, the stage R1 was not reached until 60 DAP (Parvez and Gardner, 1987). When 
plants were exposed to shorter photoperiods, yield changed because of increases in number of 
branches (Settimi and Board, 1988). In this case, yield was altered, such as by response of 
plant in the performance of developing branches or changing photosynthetic capacity. Casano 
et al. (1986) reported that under long-day periods, first, second, and the third leaves had a 
greater leaf area than those in short days, whereas leaf dry weights remained constant. 
Changes in specific leaf weight indicated changes in assimilatory capacity and protein 
concentration in first, second, and the third leaves. Morandi et al. (1990) reported that 
assimilate partitioning was changed by photoperiod during seed growth. At 25 d after 
anthesis, sucrose concentrations in the whole seed were about 70 mmol 1"' in short day vs. 40 
mmol r' in normal day period. However, dry matter partitioning did not reflect the dry matter 
production of soybean cv. Williams (indeterminate) and Elf (determinate) (Beaver et al., 
1985). 
When planting date was delayed, determinate and indeterminate soybean responded 
the same in vegetative stages, but not in reproductive stages. Planting after 24 May resulted 
in shorter intemodes and fewer node in indeterminate soybeans, whereas determinate types 
either did not respond or increased in height and node number compared with early May 
planting date (Wilcox and Frankenberger, 1987). Planting date of soybean affeas seed filling 
duration, and thus yield. Delayed planting fi'om 12 May to 23 May did not consistently alter 
I 
5 
height and node number of determinate or indeterminate types. The intervals from R1 to R8. 
and from planting date to R8, were shortened 4 d and 6 to 8 d, respectively. However, 
Beaver and Johnson (1981) reported that delayed planting after early May decreased the yield 
DM of indeterminate cultivars, but not that of determinate cultivars. Increasing day 
temperature from 30 to 35 °C decreased seed set and seed growth, but did not affect seed 
filling duration. Photosynthetic rates decreased 18% with increasing day temperature from 30 
to 35 °C (Gibson and Mullen, 1996). Decreasing photosynthate may affect seed number 
(EgU, 1988). 
Source-sink relationship affects yield. Beaver and Johnson (1981) reported that 
'Corsoy' started flowering earlier than 'Williams', which reduced vegetative dry weight than 
for Williams. However, the seed filling rate accounted for greater yield of Corsoy than for 
Williams. 
Regarding stem growth termination, there were no differences between determinate 
and indeterminate soybean protein concentrations in seed and the length of the reproduction 
period. However determinate cultivars had fewer and shorter intemodes that indeterminate 
cultivars (Beaver and Johnson, 1981). Johnson et al. (1985) reported that biomass yield of 
soybean reached 11.51 ha"' with up to 350 g kg*' dry matter of seed. They used high seed 
yield cultivars Lee 68, Bragg, and GaSoy 17, and forage soybeans Gatan and Otootan. They 
concluded that increases of percentage DM were varied among cultivars. 
Cooper (1971) reported that soybean yield was reduced 23% by early lodging, and 
lodging decreased in canopy height by 46%. A mechanism by which yield was decreased was 
suggested by Domhoff and Shibles (1970). They postulated that the potentially high 
photosynthate-producing young leaves were shaded, and the older less produaive leaves 
exposed to the light. This condition resulted in reduced photosynthetic rate, and reduced seed 
size. On the other hand, limited photosynthate as the consequences of low sunUght, might 
decrease cell wall development thereby increasing forage nutritive value (Kephart and Buxton, 
1993). 
Gay et al. (1980) reported that yields differences between low yielding soybean (cv. 
Lincohi and Dorman) and high yielding soybean (cv. Williams and Essex) were not correlated 
with shoot weight, but were correlated with longer filling period or partitioning of more 
photosynthate to the seed. The higher yields of Williams and Essex were caused by larger 
seed and greater seed per unit area, respectively. In addition, they reported that lodging had 
no eflfect on yield. 
Soybean Compared with Other Forages 
Soybean, a legume crop, produces herbage in a different pattern than that of alfalfa or 
forage grasses. As an annual crop, soybean may be cut only once in the season. Alialfa 
{Medicago sativa L.) and most forage grasses, on the other hand, are perenm'als and can be 
cut more than once a season. Good (1942), however, pointed out that usage of soybean as a 
forage has both advantages or disadvantages compared to alfalfa and forage grasses. The 
digestible protein and total digestible nutrient contents of soybean hay can equal those of 
alfalfa and clover (Trifolium sp.\ especially when soybean is cut when pods are filled. 
Further, soybean hay can be produced in about 90 d making it an excellent emergency crop 
when other forage legumes fail. Soybean can also be planted on a lower quality soil than 
alfalfa (Good, 1942; Taylor and Meche, 1983). Soybean has a later planting date than alfalfa. 
The later planting date provides forage producers with time to plant soybean if conditions are 
not favorable for alfalfa establishment. The other advantage of soybean for forage is that it 
produces pods at the end of the season which increase the total herbage in vitro dry matter 
disappearance (TVDMD). On the other hand, the IVDMD of grasses and alfalfa decreases 
with time. Buxton and Marten (1989) reported that FVDMD in herbage of perennial grasses 
decreased with respect to calendar day, with crude protein concentration declining at 3.3 g kg' 
' d''. Research on legume forages by Buxton and Homstein (1986) showed that the 
relationship of IVDMD with cell-wall cellulose or cell-wall hemicellulose was not consistent. 
The rVDMD was closely related to neutral detergent fiber (NDF) and cell-waU lignin. Alfalfa 
leaf contained cellulose at 558 g kg*' and hemicellulose at 372 g kg ', whereas stem contained 
cellulose at 663 g kg"' and hemicellulose at 198 g kg*' (Buxton and Homstein, 1986). 
Johnson et al. (1985) reported that IVDMD of soybean forage increased with increases ether 
extract and crude protein, and decreases in fiber concentration, however, the increment rates 
of IVDMD were varied among cultivars. 
Soybean can be sod-seeded into tall fescue (Festuca arundinacea Schreb.), increasing 
the availability of forage during late summer and early fall (Ocumpaugh et al., 1981). Taylor 
and Meche (1983) evaluated soybean seeded with sorghum (Sorghum bicolor L. Moench). 
Soybean without sorghum produced up to 6,700 kg ha"', and soybean with sorghum produced 
up to 9,600 kg ha*'. Hintz et al. (1992) reported that grain soybean cultivars such as Corsoy 
79, Pella, and Williams 82 can produce forage of the same quality as that of alfalfa at early 
bloom. 
i 
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The management of grain-type soybeans for forage is not necessarily different from 
that of producing grain, however, harvest should be timed to optimize the forage quality. 
Maximum forage quality is reached at harvest maturity (R7), because soybean produces pods 
that contain large amount of protein and oil (Willard, 1925). Ocumpaugh et al. (1981) found 
that the quality and quantity of forage soybean can be optimized between R5 and R7. They 
also reported that between 30 Aug. and 20 Sep., soybean showed greater IVDMD and crude 
protein than grasses, and that total herbage production increased when soybean was sod-
seeded with grasses for mid-summer forage production. Munoz et al. (1983) reported that 
plant density affected dry matter production, but had only a small effect on IVDMD, and did 
not affect the total-herbage crude protein (CP) concentration. The stems were less digestible 
than leaves and pods. At pod fill stage (R6), total herbage crude protein and IVDMD were 
202 g kg"' and 622 g kg*', respectively. 
Morphologically, digestibility of plant parts is dependent upon structural 
characteristics, and leaves are generally more digestible than stems. Akin (1989) reported that 
leaves of forage legumes had a high proportion of mesophyll tissue, whereas the stems had the 
non-digestible epidermis, sclerenchyma tissue and a higher proportion of vascular tissue. 
Scherenchyma cells are more lignified than parenchyma cells (Esau, 1977). Wilson et al. 
(1983) reported that differences in the digestibility between forage legume and grass stems 
caused by parenchyma of legume stem was more digestible that parenchyma of grass stems. 
The production efficiency of grain-type soybean has been expressed as harvest index 
(Donald and Hamblin, 1976), and partitioning coefficient (Egli et al., 1985). Shibles et al. 
(1975) stated that determinate types of soybean exhibited less competition between vegetative 
j 
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and reproductive growth at flowering. In terms of forage productivity, the measurement 
might be expressed in leaf-to-stem ratio of total herbage production. 
Grain-type Soybean and Forage Soybean Lines Pedigree 
The grain type cultivars used in this experiment were Kenwood, Sherman, PeUa-86, 
Flyer, Hutcheson, and Biloxi. Kenwood (MGII) is adapted to 41 to 43 °N latitude and 
released for its superiority in yield (Cianzio et al., 1990). Pella 86 (MG HI) is adapted to 40 
to 42 °N and was released because of its resistance to several races of Phytophthora root rot 
(Fehr et al., 1990). Sherman (MG HI) is adapted to 39 to 41 °N latitude, and was released 
because of its superiority in yield and oil content compared with public cultivars (McBlain et 
al., 1987). Hutcheson (MG V) is adapted between 34 to 34 to 38 °N latitude, and was 
released because of high productivity in foil season and double crop plantings (Buss et al., 
1988). Flyer (MG FV) was released in 1990 because of higher yield than Williams 82 in Ohio 
tests. Flyer was adapted to 38 to 40 °N latitude (McBlain et al., 1990). 
Forage soybean lines used in this experiment were provided by Dr. Thomas E. Devine, 
Research Geneticist - Plant Molecular Biology laboratory, PSI, BA, ARS, USD A, Beltsville, 
Maryland. He described the pedigree as follows: four parents were used as the starting points. 
They were Wilson 6, Forest, Perry, and L76-0253. Nelson 6 is a hay type soybean, which 
hold its leaves well. It was selected from Black Wilson. Forest is a cultivar with multiple pest 
resistance. Perry is a cultivar with resistance to aluminum and L76-0253 is a cultivar resistant 
to leaf feeding insects. Wilson was crossed to Forest producing F1 A, and Perry was crossed 
to L76-025, producing FIB. F1A was crossed to FIB to provide double crosses. 
I 
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Segregating populations were developed by self-pollinating the double crosses. After 
5 or 6 generations of selection, two lines were selected, PA 4-1 lb and PA4-1 lg-1. Because 
these two lines had superior height and branching, but had unacceptable seed shattering, they 
were crossed to Tracy M, Burlison, BSR 201, and Ripley. F3 generations were seleaed 
based on vigor, lodging resistance, and number of pods. Selections were then continued on an 
individual plant basis for vigor, lodging resistance, and seed shattering resistance. By1994, 
several lines had been made available to be evaluated. They are OR 5-12-l(T), PA 15-12-5-2, 
PA 5-2-1, PA 10-1-2, and PA Bu2-2, are in MG V, and OR 13-12-1, OR 13-12-2, OR 13-12-3, 
OR 13-12-5, OR 14-11-2, OR 14-13-2, OR 14-13-4, OR 19-12-2, OR 25-11-1, are in MG VI. 
Forage Quality of Soybean 
Soybean was imported from China and was used mainly as a forage crop until about 
1930. As the demand for the grain increased, soybean was developed as a grain crop for 
producing protein and oil. 
In 1954, almost 50% of soybean acreage in Pennsylvania was for forage, and the rest 
was grown for grain production (Washko, 1960). Good (1942) conduaed research with 
early- (after bloom stage) and late-cut (beans were three-fourths mature) soybean hay. The 
results showed that late-cut hay had higher protein and oil, and daily gains of steers fed late-
cut hay were 0.10 kg more than for steers fed early-cut hay. Late-cut hay was consumed at 
3.3 kg, whereas early-cut hay was only consumed at 2.4 kg head"'d*'. Superiority of late-cut 
over early-cut hay also agreed with research done in Indiana in which late-cut hay resuhed in 
19% more milk and 29% more butterfat than early-cut hay. 
i 
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Research on soybean for producing forage using grain-type soybean, showed that 
Williams 82 (MG HI) and Corsoy 79 (MGII) needed 102 and 120 days, respectively, to reach 
R7. Williams 82 produced more forage than Corsoy, but was lower in CP and oil (Hintz et 
al., 1992). Blackhawk, an early maturing cultivar, tended to have a larger amount of dry 
matter at harvest than that of a later maturing cultivar Black Wilson (Washko, 1960). 
Hay stage maturity, defined as when seed fills about half of the lower pod, for soybean 
planted in Landisville, Pennsylvania, was obtained on 8 to 10 Sep., and yielded 5.8, 5.7, 4.7, 
and 4.21 dry matter ha"' for the varieties Perry, Wabash, Lincoln, and Blackhawk, respectively 
(Washko, 1960). Maturity group determines the adaptation of soybean to length of day, 
which in turn determines reproductive development. Caffaro and Nakayama (1988) found 
that under a long photoperiod, soybean cv. Williams and Bragg had greater intemode 
elongation and leaf expansion. An experiment done by Parvez and Gardner (1987) showed 
that under lO-hour daylength Kirkby, F-82-7656 were in R1 stage at 48 and 52 d after 
planting, respectively. In contrast, under I4-h daylength, they were in R1 stage at about 60 d 
after planting. As quality (and digestibility) decreases with time (Munoz et al., 1983), and the 
yield increases with maturity up to R7 (Taylor and Meche, 1983; Hintz et al., 1992), the 
optimum time for harvesting soybean forage is determined by the balance between 
productivity and quality. It was suggested that harvesting herbage of soybean can be done at 
just before leaves turn yellow (Good, 1942), at about R6 (Munoz et al., 1983), or between R5 
to R7 (Ocumpaugh et al., 1981). Proportion of dry weight components of soybean plant in a 
ration was important (Hintz and Albrecht, 1994). Less stem dry matter proportion can 
increase forage quality. In addition, with soybean cv. Hill. Gupta et al. (1973) reported that 
by 5 Oct., IVDMD of the stems, leaves, and pods were 320, 578, and 627 g kg', respeaively. 
Those IVDMD values decreased when harvested at 17 Nov. Johnson et al. (1985) reported 
that total plant CP concentrations were 206 g kg"' and 160 g kg"' for soybean cultivars Lee 68 
and Otootan. The IVDMD of Lee 68 was 608 g kg*', and that of Otootan was 572 g kg"'. 
The differences in the total herbage digestibility were caused by the differences in non seed 
proportions, such as Gatan that only had 28% seed yield but had the IVDMD of 595 g kg"' 
which was higher than that of Bragg. 
The advantage of soybean as a forage is that soybean produces seeds which contains 
high protein and oil (Washko, 1960). This increases total energy of the forage, important 
because energy is the limiting nutrient (Ellis, 1977). fCgh oil content in the ration may 
increase milk production, but it may also decrease intake and reduce digestibility (National 
Research Council, 1989). McNiven et al. (1994) reported that a higher protein level in the 
rations increased milk yield, and roasting soybean increased total milk yield. These results did 
not agree with that of Reddy et al. (1994). Grummer et al. (1996) reported that roasted 
soybean can be used to enhance the quality of f^d for lactating dairy cows. However, 
supplementation of rumen-undegradable protein decreased milk percentage, but increased 
total milk yield. 
Soybean has been used as a component of a ration. Gupta et al. (1973) reported that 
ground soybean straw in a diet which contained 440 g kg"' dry matter, 510 g kg"' crude 
protein, 280 g kg"' cell wall constituents, 580 g kg"' cellulose, and 220 g kg"' hemicellulose, 
can be consumed by 6- to 7-year old ewes at 20 g d"' kg"' live weight. They also reported that 
soybean had stem and pod IVDMD of 258 and 596 g kg"', respectively. However, fat from 
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soybean (addition of 11% to ration dry matter) had no effect on milk yield (Grant and 
Weidner, 1992). 
Soybean hull has potential of substitution for forage NDF (Sarwar et al., 1991; 
Manfield and Stem, 1994). Cunningham et al. (1993) reported that soybean hull can be used 
to substitute a proportion of forage or concentrate, whereas Illg et al. (1994) reported that 
raw soybean can be used in animal diets up to 24%. Grisby et al. (1992) reported that 
soybean hull can be used to replace up to 60% of the DMI of a low quality forage in the ration 
without the decrease in cell wall digestion or other detrimental effects. However, soybean 
hulls had a higher level of NDF and lower level of non-structural carbohydrate than com 
(Manfield and Stem, 1994). 
The use of soybean products in the diet is often related to the need for protein 
supplementation. May et al. (1993) reported that addition of protein increased the rumen 
bacterial growth and improved cell-wall digestion. On the other hand, the trypsin inhibitor in 
soybean seed may have an adverse effect for on the animal. Fiedman et Al. (1991) reported 
differences in trypsin inhibitor concentration in soybean. However, steam heating at 121 °C 
for 20 min eliminates the trypsin inhibitory activity. In addition, Hsu and Satter (1995) 
reported that soybean heated at 146 °C for 30 min was the optimal treatment for protein 
uptake. The importance of the effect of trypsin inhibitor was not only the inhibitory activity, 
but also the overall quality of soybean protein. Han et al. (1991) reported that soybean with 
genetically low concentration of trypsin inhibitor had superior protein quality compared with 
soybean with a higher level of trypsin inhibitor. Other inhibitors may affect protein and fiber 
digestibility. Piwonka and Firkins (1996) reported that the slow fiber digestion may be caused 
j 
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by a proteinaceous inhibitor when fermented glucose medium treated with protease was used 
in the experiment. 
Increasing daily gain and feed efficiency were reported when soybean was used as 
supplemental protein source (Albro et al., 1993), and the quality of forage soybean may be as 
high as that of alfalfa (Ifintz et al., 1992). Soybean meal can be used for a supplemental 
nitrogen (25 to50% biomass N) in a low quality hay ration (May et al., 1988), which increased 
acid detergent fiber (ADF) digestion (8.2 to 9.7 %) and N digestibility. The used of soybean 
plant in the feedstock increased the quality of com (Zea mays L.) forage. Herbert et al. 
(1984) reported that planting com and soybean at 50:50 ratio increased CP concentration 
from 77 to 102 g kg ' in 1981 compared with com monoculture, although resulted in a 14% 
decreased in yield. 
Management practices of soybean may alter forage quality, as the dry matter 
partitioning is changed during plant growth and development, which in turn changes the NDF, 
ADF, and ADL concentrations (Egli, 1988; Hintz et al., 1992). Some management practices 
that might be applied include use of certain cultivars, row spacing, planting rate, and harvest 
time for the best forage production. However, cultivars contributed to changes in forage 
quality through pod production. Williams 82 produced 140 g kg'' less pod material compared 
with that of Pella and Corsoy 79, and Williams 82 had a lower forage quality than the others 
(Hintz and Albrecht, 1994). 
Experiments on feeding soybean plant parts have been conducted. The addition of 
extmded soybean which processed at 149 "C for 30 minutes in the ration at 11% DM 
decreased milk fat percentage (Guillaume et al., 1991). None of the experiments used special 
15 
soybeans for forage production but grain-type soybean. Aldricli et al. (1995) reported that 
soybean can be used up to 16% DM in the ration. However, the used of roasted soybean was 
better than raw soybean. Reddy et al. (1994) reported that the effect of soybean on digestion 
of NDF and ADF were dependent upon the type of soybean substrate added to the ration. 
Substrate containing soy oil and extruded soybean was less digestible compared to that of raw 
or roasted soybean. In addition, roasted soybean fatty acid had less biohydrogenation than 
raw or extruded soybean. 
The used of harvest index (proportion of seed to the total of biomass; Donald and 
Hamblia, 1976), can be used to estimate the productivity of grain-type soybean. For forage 
purposes, the leaf-to-stem ratio was used to indicate the quality. Since crude protein 
increased from R5 to R7 (Hintz et al., 1992) and seed contributed to total energy, the use of 
leaf + pod / stem might be the best approach to indicate total herbage nutritive value. 
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CHAPTER n 
GROWTH, DEVELOPMENT, AND YIELD OF SOYBEAN LINES DEVELOPED 
FORFORAGE 
A paper to be submitted to Agronomy Journal 
W. Darmosarkoro, D. R. Buxton, K. J. Moore, T. E. Devine, and 1. C. Anderson 
ABSTRACT 
Soybean [Glycine max (L.) Merr.] has the potential to produce abundant herbage for 
forage. Recently, soybean lines have been developed specifically for use as forage. The 
objective of this study was to evaluate the agronomic performance (vegetative growth and 
aboveground biomass yield) of these soybean lines in the Western Com Belt. In 1994, 
thirteen forage soybean lines and five check cultivars were studied. In 1995, in addition to 
these entries one new forage line and an additional check cultivar were added. Plants were 
grown in 76-cm rows and samples were collected biweekly. By 135 d after planting (DAP), 
forage soybean lines yielded 5 to 19% more dry mass than 'Sherman', which had the greatest 
yield among check cultivars. Forage lines were 37 to 69% taller than 'Biloxi', the tallest 
check cultivar- For^e lines with the highest yield and lowest lodging scores (l=upright to 
5=prostrate) were OR 14-13-2 (10.8 t ha*' and lodging score of 1.8) and OR 14-11-2 (10.5 t 
ha ' and lodging score of 1.5), which attained heights of 1.87 and 1.95 m, respectively. The 
LAI of these two forj^e lines were 5.5 and 5.3, respectively, which were less than that of 
Biloxi (7.5) and higher than that of Kenwood (4.9), two check cultivars. Forage lines 
initiated reproductive growth 60 to 88 DAP, whereas Sherman initiated reproductive growth 
55 DAP. Forage soybeans had more stem dry mass accumulation than did grain-type 
t 
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soybeans. Based on agronomic performance forage lines were superior to grain types for 
forage production. 
List of Abbreviations: DAP, days after planting; MG, maturity group; LAI, leaf area index; DM, 
dry matter; LS, leaf-to-stem ratio; LPS, Leaf-plus-pod-to-stem ratio; ANOVA, analysis of 
variance. 
INTRODUCnON 
Before its importance as a grain crop, soybean was initially used mainly for forage O^^ard, 
1925; Good, 1942; Taylor and Meche, 1983). As the demand for grain increased, however, 
soybean cultivars were developed primary for that purpose. Consequently, soybean is now viewed 
as a grain crop instead of a plant having potential as a forage. 
The potential of soybean as a forage has been studied since the early 20th century. Soybean 
developed for grain was shown to be use&l as a forage (Gupta et al., 1973). They reported that 
ground soybean straw can be consumed by 6- to 7-year old ewes at 20 g d*' kg"' live weight. 
Evaluation of soybean and soybean-grass mixture by Norman (1978) also showed that soybean can 
be an important source of fiber and protein. Nutrient value and dry matter yield of soybean is 
closely related to maturity (Hintz and Albrecht, 1994; fCntz et al., 1992). Use of soybean for 
forage may flilfill needs in summer when cool-season grasses are less productive. In addition, 
soybean seed with high oil concentration (ca. 190 to 210 g kg''; Washko, 1960) and high protein 
concentration (ca. 385 to 490 g kg"'; Washko, 1960; Wilcox and Cavin, 1995) provides high 
nutrition for animals. 
I 
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Research on soybean for grain production has been conducted intensively, resulting in 
protein concentration improvement up to 530 g kg*' (Serretti et al., 1994), but there is a limited 
amount of information on forage soybean and its production. The research that has been done 
mostly used grain-Q^pe soybeans to investigate potential of soybean for herbage production. 
Realizing the potential of soybean for use as forage. Dr. T. E. Devine began a breeding 
improvement program in 1976, using the cultivars Wilson 6, Forest, Peny, Tracy M, Burlison, 
BSR 201, Ripley, and line L76-0253. By 1994, more than 14 soybean lines were developed for 
forage production, and three of these have been proposed for release. These lines are in maturity 
group (MG) V and VI (T. E. Devine, 1994, personal communication), whereas soybean cultivars 
normally planted in Iowa are in MG II and IH. 
The purpose of this study was to evaluate the vegetative growth, development, and 
aboveground-biomass yield of these later maturing forage soybean lines in the Westem Com Belt 
and compare their forage potential to shorter season grain-type soybeans as the check cultivars. 
MATERIALS AND METHODS 
Location and Design 
The experiment was conducted on the Bruner Farai of Iowa State University, Ames, Iowa 
(42° N latitude and 93° W longitude) on a Clarion {Typic HaplndoHs) soil and a Nicollet [Aquic 
Hcpludolls) soil in the Clarion-hficoUet-Webster (CNW) soil associations in 1994 and 1995. The 
experimental design consisted of a completely randomized block arrangement with four 
replications. Each plot consisted of four 76-cm wide rows, 7.6 m in length arranged in a north-
south direction. The experiments were planted on 13 May 1994 and 22 May 1995 with 19.6 seeds 
m"' of row. In 1994,13 fon^e lines and five check cultivars were evaluated (Table I). In 1995. 
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one check cultivar. Flyer, and one fon^e line, PA 15-12-5-2, were added. Fon^e lines were 
provided by Dr. T£. Devine (BARC, ARS, USDA). 
Sampling 
Sampling was only from the center two rows of the fisur rows in each plot. Biomass yield 
was determined by harvesting all the above ground biomass from the southern 1.5 m of the 7.6 m 
center rows on 9 Sep. 1994 and 22 Sep. 1995. The remaining area was sampled eight times during 
the growing season to measure the progression of growth and development. Samples were 
collected bhveekly from 27 June until 4 Oa. 1994, and from 27 June until 2 Oct. 1995. These 
samples included three or more plants taken from 30 cm of row length. 
Parameters Measured 
Plant height, node number, reproductive stage, LAI, dry mass of stem, lea^ and pod, 
lodging score, and aboveground biomass yield were determined. Height was measured from the 
soil surface to the terminal bud. Nodes were counted from the node with the oldest leaf to the 
youngest node with a fully opened leaf. Reproductive stage was determined according to the 
system described by Fehr and Caviness (1977). Lodging score was determined by usii^ a score of 
1 (upright) to 5 (prostrate). The first reproductive stj^e, Rl, was the st2^e at which plants had one 
to two flowers on the main stem, and R8 was the stage at which plants had reached physiological 
maturity. 
Leaf area index was measured by using a LI-3100 leaf area meter (LI-COR, Inc., Lincoln, 
NE) immediately after leaves and stems were separated. Ehy mass of stem, leaf and pod were 
measured after drying at 55 °C for 48 h. Lodg^g scores were taken on 22 Aug. 1994 and on 23 
Aug. 1995. 
Statistical Analysis 
The data were analyzed by using ANOVA of SAS (SAS Institute, 1985), with the model: 
i^jid~M- Yi + B(i)i + Eit + YEic + BE(i)iic + Di + YDg + BD({)ii + EID|fi+ YEIDiiii+ BEO(f)|id 
where Y= measured parameter, Y = efi^ of year, B = effect of block, E = eSect of entry, D = 
effect of sampling date, i = i"* year, j = j"' replication, k = k"" entry, 1 = l"" sampling date. Tests of F 
were performed by using Bo-jfor Yi, YEoc for Ek, BE(i)jk for YEac, YDu for Di, BD<ijji for YDa, 
YEDflci for EDu, and BED(iijkj for YEDad- Mean comparisons were made by using LSDo.os and 
contrasts to compare forage lines vs. check cultivars and among maturity groups. 
RESULTS 
Differences for all measured parameters were observed for year (except yield), entry, 
entry x year (except leaf dry mass, height, LAI, and node number), date of sampling, year x 
date, and entry x date (Table 2). 
Node Number 
Node number of Pella-86, Sherman, and Kenwood reached maximum values by 102 
DAP with 20 to 23 nodes, whereas lines originated from Orange (with prefix 'OR') increased 
until 112 to 121 DAP with 24 to 26 nodes. Node numbers of PA 5-2-1, PA 10-1-2, and PA 
Bu2-2 were similar to those of Sherman and Kenwood (Table 3). Early in the growing season, 
grain-type soybean node numbers could not be differentiated from those of forage lines. 
However, at 120 DAP, forage lines (ca. 25 nodes) had more nodes than the grain-type 
soybeans (ca. 20 nodes). 
Plant Height and Lodging Score 
Appreciable lodging did not occur until late July or early August. By late August some 
forage lines were severely lodged. Lodging scores of the forage lines raided from 1.3 to 5.0, 
and those of check cultivars ranged from 1.0 to 2.0 (Table 3). Forage soybean OR 14-13-2, 
with a l.87-m height, remained upright with a lodging score of 1.3, whereas PA Bu2-2, which 
had a similar height, lodged severely with score of 5.0. In addition to these characteristics, as 
the PA Bu2-2 stems increased in length, they also intertwined with each other. Lodging 
scores of some forage lines were only slightly higher than those of the check cultivars (2.8 vs. 
1.0 for OR 13-12-5 and Sherman, respectively). Cooper (1971) reported that higher lodging 
scores led to grain yield loss. However, differences in yields in these observations might not 
be related to the differences in the lodging scores. The r^ for the height-lodging relationships 
in 1994 and 1995 was only 0.35 and 0.38, respectively (Table 4). 
Dry Matter Accumulations 
Leaf DM increases were similar from 46 to 88 DAP, however, after 88 DAP these 
increases varied by entry. PelIa-86, Sherman, and Kenwood declined in leaf DM from 88 to 
130 DAP and had less leaves left on the plants than forage soybean lines after 130 DAP. In 
1994, leaf DM of PA Bu2-2 and PA 10-2-1 increased between 84 and 98 DAP and declined 
after 102 DAP. Between 9 and 20 Sep. 1994 (116 to 130 DAP) and between 5 and 19 Sep. 
1995 (107 to 121 DAP), most for£^e lines had leaf mass > 200 g m'^ . Leaf DM on 22 Aug. 
1995 (93 DAP) of Kenwood, PeUa 86, and Sherman (MG H and ni), PA BU2-2, PA 5-2-1, 
and PA 10-1-2 (MG V), and OR 13-12-3, OR 13-12-5, and OR 14-13-4 (MG VI) were 164, 
257, and 220 g m*^ respectively. 
Average stem DM on 22 Aug. 1995 (93 DAP) of soybeans with MGII and flT 
(Kenwood, PeUa 86, and Sherman), MG V (PA BU2-2, PA 5-2-1, and PA 10-1-2), and MG 
VI (OR 13-12-3, OR 13-12-5, and OR 14-13-4) were 245,499, and 284 g m'^  respectively. 
On 9 Sep. 1994 (116 DAP), the stem DM of forage lines was 39 to 127 % greater than that 
of Sherman, which had a stem DM of348 g m"^ 
Equations for leaf DM accumulation in 1995 were curvilinear, and those for stem DM 
accumulation in 1995 for grain type (MG II and HI) were also curvilinear (Table 4). Forage 
lines had a stem DM pattern that was linear or curvilinear. Patterns of leaf and stem DM 
accumulation for 1994 were similar to those of 1995. 
The LS ratio of OR 14-13-2 on 102 DAP (0.49) was slightly below that of Sherman 
(0.61). By 130 DAP, OR 14-11-2 and OR 14-13-2 had a LS ratio of 0.31 and 0.35, 
respectively, whereas that for Sherman was less than 0.10. At the end of the season, grain-
type soybean LPS (>2.63) was greater than forage lines PA BU2-2 and OR 14-13-2 LPS (< 
1.26) (Table 5). 
Reproductive Development 
Pella-86 and Sherman (MG IH), and Kenwood (MG H) had begun reproductive 
development by 11 July 1994 (60 DAP) and 11 July 1995 (50 DAP), and reached 
physiological maturity by 20 Sep. 1994 (130 DAP) and 19 Sep. 1995 (121 DAP). Forage 
lines PA 5-2-1, PA 10-1-2, and PA Bu2-2 began reproductive stages about 30 d later than 
Sherman. Hutcheson, the check cultivar adapted to southern regions, started flowering about 
88 DAP. The lines OR 13-12-1, OR 13-12-2, OR 13-12-3, OR 13-12-5, OR 14-11-2, OR 14-13-
2, OR 14-13-4, OR 19-12-2, and OR 25-11-1 reached R1 between 25 July 1994 (74 DAP) and 
8 Aug. 1994 (88 DAP). BUoxi (MG VUl) reproductive development was not observed until 
116 DAP, and by the end of the growing season (140 DAP), it had achieved fially opened 
flowers (R2 stage). 
Based on reproductive development, entries used in this experiment can be categorized 
into four groups (Figure 1). The patterns mostly correspond to MG. The first group included 
cultivars that reached R1 by 55 DAP and achieved R8 by 140 DAP. Pella-86, Sherman, and 
Kenwood (MG IH and H) were in this group. The second group included entries that had 
started the reproductive stages (R index was still below 1) by 55 DAP, but R1 was not 
reached until 69 to 84 DAP. The lines PA Bu2-2, OR 5-12-l(T), OR 19-12-2, PA 10-1-2, 
and PA 5-2-1 were in the second group, which mostly were in MG V). The third group 
included entries that started reproductive st^es by 84 DAP and reached Rl 98 DAP. This 
group consisted of Hutcheson, OR 14-13-2, OR 14-13-4, OR 14-11-2, OR 13-12-1, OR 13-
12-2, OR 13-12-3, and OR 13-12-5, which were in MG VI. The last group, which consisted 
of only Biloxi (MG VIQ), had no R2 stage during either growing season. Salado-Navarro et 
al. (1993) concluded that MG n needed 65.5 DAP to reach R5 in Florida, and 107 DAP for 
R7, whereas MG VII and VIE needed 68.5 and 74.5 DAP to reach R5, respectively. The 
second group tended to have a longer seed filling period than the third group, and the first 
group tended to have the longest seed filling period. However, at 140 DAP, the second and 
the third group reached approximately the same stage at R6. The reproductive pattern of OR 
14-13-4 (MG VI) was similar to that of Hutcheson (MG V). 
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Biomass Yield 
Some forage lines yielded up to 19% and 37% more DM than Sherman, the grain cultivar 
that had the highest biomass yield in both 1994 and 1995, respectively (Table 2; Figure 2; and 
Figure 3). However, DM accumulation patterns of some forage lines differed from those of 
Sherman and Pella. Not only did the forage soybeans accumulate more total DM by the end 
of the season (September), they also accumulated more stem DM (Figure 2a vs. 2c; Figure 3a 
vs. 3b). 
Relationships Among Characters 
Regression analysis was used to examine relationships between entries and date of 
sampling. Some characters had distinct relationships with other characters (Table 6). The 
LAI was significantly related to leaf DM (r^ = 0.82, 0.89, and 0.86 for 1994, 1995, and 
combined 1994 and 1995 data, respectively), but was not related with reproductive stage of 
development. 
All relationships were linear, except for LAI vs. reproductive stage of development, 
which was tended to be curvilinear. Weber et al. (1966) reported that soybean plant DM was 
correlated with LAI. Regressions using weights of plant components, in this study, showed 
that LAI was also related to leaf DM, but not stem DM nor pod DM. This might have 
resulted from each line having its own specific pattern of DM partitioning. In addition, forage 
lines tended to produce more stem than leaf DM at the end of the season (September). 
DISCUSSION 
Observations in this study were made at specified dates not at specific growth stages as in 
, some studies. Biomass did not account for fallen leaves. Hanway and Weber (1971) reported 
that at maturity, soybean total production consisted of 28% fallen leaves and 15% fallen 
petioles. 
Lodging tends to increase with the increasing plant height (Egli and Leggett, 1973) and 
node number (Bernard, 1972). We found many exceptions to this relationship. Among 
forage soybeans, lodging score was not related to plant height or stem DM accumulation. 
Other charaaeristics such as chemical composition of the stem may have affected the lodging 
score. As expected, plant height was correlated with stem DM (r^=0.80) and node number 
(r^=0.87). 
Peak leaf DM accumulation depended upon the soybean entry. Kenwood and Sherman 
reached peak leaf DM and started to loose leaves earlier than forage soybeans. Leaf DM 
measurements for all entries were curvilinear. 
The reproductive mass of cultivars adapted to Iowa tended to be greater than that of 
stems and leaves in September. Conversely, the stem proportion of forage soybean was 
greater than that of leaf and reproductive mass. Although forage soybean had greater leaf 
DM, the LS ratios were lower than those of check cultivars. Stems of forage soybeans 
contributed more than 66% to the total yield production. Nevertheless, yield of high-quality 
forage plants should have a low stem proportion compared to leaf and reproductive fractions. 
High stem proportions may decrease animal dry matter intake because of coarseness, greater 
fiber content, and lower palatability, as well as decreased forage quality (Buxton and Marten, 
1989) because of lower digestibility. 
Difference in the maturity pattern observed in this experiment may be caused by the 
different responses of soybean lines, and similarity of soybean line adaptation to latitude. On 
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the other hand, in the same MG, height and dry matter accumulation may be different among 
soybean cultivars (Egli and Leggett, 1973; Salado-Navarro et al., 1993). 
Our results with grain-type soybean (Kenwood and Sherman) above ground biomass 
(7.2 and 8.81 ha"', respectively) were close to those observed in Wisconsin (7.41 ha"') (Hintz 
et al., 1992) and Louisiana (8.21 ha*') (Taylor and Meche, 1983). Forj^e lines that tended to 
have the best yield were OR I4-I3-2 and OR 14-11-2 (10.8 and 10.5 t ha"', respectively). 
Biomass yields of forage soybeans were 5 to 19% more than Sherman, the highest-yielding 
grain-type soybean. Regardless of genetic variability, cultivars that have a later maturity (MG 
V vs. MG ni) produce a greater biomass yield when planted at Ames. Williams 82 produced 
less pod than Pella (Hintz and Albrecht, 1994), which might be caused by photoperiod. 
Physiologically, plants adapted to southern regions experience delayed development and 
produce less pod weight than more northern adapted plants when planted at Ames because of 
temperature and daylength. 
Harvesting soybean for forage should be done at about R6 (Munoz et al., 1983), or 
between R5 to R7 (Ocumpaugh et al., 1981). Those suggestions may be applicable for 
growing forage soybean in Central Iowa, since most forage soybeans (MG of VI) had 
developed to R6 but not to R7. 
CONCLUSIONS 
Soybean lines developed for forage had more vigorous vegetative growth (height, leaf, 
and stem dry mass), greater biomass yield, and were later maturing than grain types adapted 
to Iowa. At the end of August or early September, forage soybean had more leaf DM, 
however, the proportion of stem was also higher compared with the check cultivars adapted 
i 
1 
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to Iowa. Based on growth parameters, forage soybeans showed their advantages over grain-
type soybeans. However, forage quality needs to be further evaluated. 
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Figure I. Reproductive stage of development of grain-type and forage-type soybeans 
using staging descriptions of Fehr and Caviness (1977). Days after 
planting averaged over years. 
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Figure 2. Dry matter accumulation pattern of grain-type soybean 'Sherman' in 1994 and 199S (A and B), 
and forage-type soybean OR 14-13-2 in 1994 and 1995 (C and D). Dots represent the values 
averaged from four replications. 
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Figure 3. Dry matter accumulation pattern of forage-type soybeans OR 14-12-2 (A) and PA Bu2-2 (C), and 
grain-type soybeans 'PeIIa-86' (B) and 'Biloxi' (D) in 1994. Dots represent the values averaged from 
four replications. 
Table 1. Soybean lines and cultivars used in the experiment 
Entry Maturity 
group 
Type Best adaptation/ distributions 
Kenwood n grain 
Pella 86 IH grain type 
Sherman m grain ^rpe 
Flyer IV grain type 
Hutcheson V grain type 
OR5-12-l(T) V forage line 
PA 10-1-2 V forage line 
PA 15-12-5-2 V forage line 
PA 5-2-1 V for^e line 
PA Bu2-2 V forage line 
OR 13-12-1 VI forage line 
OR 13-12-2 VI forage line 
OR 13-12-3 VI forage line 
OR 13-12-5 VI forage line 
OR 14-11-2 VI forage line 
OR 14-13-2 VI forage line 
OR 14-13-4 VI forage line 
OR 19-12-2 VI forage line 
OR 25-11-1 VI for^eline 
Biloxi Vni grain type 
41 to 43 »N; IL, lA, NE, OH, Wit 
40 to 42 °N; IL, IN, lA, NE, OHj 
39 to 41 "N; IL, IN, KS, KY, MS§ 
38 to 40 °N; IL, IN, KS, MS, 0H% 
34 to 38 «N; VA, AL, GA, KS, MS, TN# 
ft 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
Southern regions^! 
t Cianzio et al., 1990. 
t Fehretal., 1987. 
§ McBIain et al., 1987. 
f McBlain et al., 1990. 
# Buss et al., 1988. 
tt Line originated and is being tested in Pennsylvania (T. 
E. Devine, personal conununicaticn). 
tt Regions near gulf: Florida, etc. 
Table 2. Mean squares from analysis of variance of leaf weight, stem weight, pod weight, plant height, leaf area index, 
reproductive stage, biomass yield, lodging, and leaf-to-stem ratio 
Source Parameter 
Leaf weight Stem weight Pod weight Height LAIf 
df MS df MS df MS df MS df MS 
Year 1 ••200133 1 ••594335 1 •51473 1 ••55015 1 ••151.97 
Block(Year) 6 7598 6 42553 6 7599 6 1633 6 4,72 
Entry 17 ••34169 17 ••3733S8 16 ••S26SI0 17 ••34366 17 ••17.31 
Year* Entry 17 ••39S4 17 ••21614 16 21286 17 ••541 17 ••3.16 
Block*Entry(Year) 102 2038 102 7887 96 M6S0 102 156 102 1.47 
Date 7 ••630264 7 ••6142496 5 ••1926371 7 ••479012 7 ••446.15 
Year*Dafe 7 ••28088 7 •30341 5 9542 7 ••3158 7 ••14.5 
Block*Date(Year) 42 2404 42 10028 29 5253 42 133 42 1.75 
Enlry*Date IIS ••11340 119 ••54857 45 •18103 119 •2432 IIS ••7.48 
Year*Entry*Dale IIS ••2490 119 ••11197 45 12873 119 67 l i s  ••1.95 
Error 687 1782 714 6934 258 1136 714 66.4 684 I.IO 
(continued) 
Tabel 2. (continued) 
Ri Node Yield Lodge§ LSI 
df MS df MS df MS df MS df MS 
Year 1 ••22.55 1 ••545.88 1 ••40329908 1 ••12.84 1 0.78 
Block(Year) 6 0.33 6 9.99 6 2359963 6 0.94 6 0.16 
Entry 17 ••34.56 17 ••89.(4 17 ••11462390 17 ••9.38 17 ••0.37 
Year*Entry 16 0.18 17 ••3.25 17 ••2106146 17 ••1.06 17 ••0.03 
Block*Entiy(Year) 99 0.14 102 1.39 102 924306 102 0.40 102 0.01 
Date 7 ••258.68 7 ••7108.48 - - - 7 •37.67 
Year*Dale 6 ••2.47 7 ••66.17 - - - 7 •0.37 
Block*Date(Year) 36 0.3 42 2.6 - - - 42 0.12 
Entry*Date 65 ••0.81 119 ••13.04 - - - 119 ••0.06 
Year*Entry*Date 62 ••0.31 119 •1.68 - - - 116 0.02 
Error 359 0.15 714 1.34 - - - - 691 0.00\7 
** Indicates significance at the P<O.OI level; * , signiricant at P<O.OS level, 
t Leaf Area Index. 
Reproductive stage. 
§ Lodging score. 
I Leaf-to-stem ratio. 
Table 3. Leaf, stem and pod dry weights, reproductive stages, plant height, lodging score, and node number on 22 Aug. 
1994 (102 DAP) and 22 Aug. 1995 (93 DAP), and biomass yield on 9 Sep. 1994 (116 DAP) and 22 Sep. 1995 (107 
DAP). 
Leaf Stem Pod R stage 
Entry L_ 
1994 1995 1994 1995 1994 1995 1994 1995 
g m 
OR 13-12-1 231 231 458 291 - 5 2.3 1.8 
OR 13-12-2 241 233 551 429 - 6 2.0 2.0 
OR 13-12-3 209 218 436 381 - 2.0 2.0 
OR 13-12-5 232 232 519 377 - 7 2.0 1.8 
OR 14-11-2 213 182 453 326 - 7 2.0 2.0 
OR 14-13-2 162 212 336 373 - 7 2.0 2.0 
OR 14-13-4 236 210 488 393 - 9 2.3 2.0 
OR 19-12-2 234 176 459 300 - 6 2.0 1.8 
OR 25-11-1 269 269 547 455 - - 2.0 2.0 
OR 5-12-!(T) 224 224 531 463 44 10 3.0 2.3 
PA 10-1-2 256 266 554 534 63 21 3.5 3.0 
PA 15-12-5-2 - 159 - 371 - 7 - 2.5 
PA 5-2-1 200 236 437 442 68 24 be
 
3.0 
PA Bu2-2 294 270 622 521 76 10 3.5 2.5 
Kenwood 131 155 226 229 278 215 6.0 5.0 
Pella 86 25 153 282 212 263 132 5.8 4.8 
Sherman 172 184 282 295 241 153 5.3 5.0 
Flyer - 176 - 309 - 112 - 5.0 
Hutcheson 257 257 451 325 - 11 2.5 2.3 
Biloxi 253 133 439 180 - - - -
LSD 0,05 57.7 65.5 90.0 146.6 41.2 61.9 0.55 0.59 
(continued) 
Table 3. (continued) 
Entry Plant height Lodging scoret Node number Yield 
1994 1995 1994 1995 1994 1995 1994 1995 
cm- 1 ha"' -
OR 13-12-1 156 140 2.5 1.0 21.3 19.5 9.8 8.9 
OR 13-12-2 151 138 2.8 1.0 20.8 19.8 9.5 8.2 
OR 13-12-3 163 142 3.0 1.0 20.3 19.3 9.8 8.4 
OR 13-12-5 157 137 2.8 1.0 21.5 19.3 10.5 8.4 
OR 14-11-2 149 143 1.5 1.3 22.0 19.5 11.7 9.4 
OR 14-13-2 149 142 1.8 1.0 21.3 21.3 11.5 10.1 
OR 14-13-4 148 145 1.3 1.0 22.3 21.3 10.1 10.3 
OR 19-12-2 163 145 1.3 1.3 20.8 19.0 9.9 10.1 
OR 25-11-1 162 134 3.3 3.0 23.8 21.3 9.2 9.8 
OR 5-I2-l(T) 184 168 2.8 2.3 22.8 22.5 10.4 8.7 
PA 10-1-2 193 161 4.0 4.0 25.8 23.5 9.8 9.0 
PA 15-12-5-2 - 156 - 3.3 - 21.5 - 9.5 
PA 5-2-1 171 155 1.5 2.0 22.3 21.8 9.1 8.6 
PA Bu2-2 203 185 5.0 5.0 22.5 21.3 10.2 9.3 
Kenwood 99 93 1.8 1.0 19.0 19.3 7.7 6.8 
Pella 86 99 97 1.0 1.0 19,0 17.0 9.0 6.3 
Sherman 95 95 1.0 1.0 18.8 18.0 10.1 7.5 
Flyer - 102 - l.O - 19.0 - 7.9 
1 lutcheson 98 99 2.0 1.0 20.5 19.0 8.1 8.5 
Diloxi 98 84 1.5 1.0 21.0 18.5 6.4 5.5 
LSD 0,05 10,5 8.8 1.81 0.46 1.73 1.72 
t l=erectlo5=proslrate. 
I 
j 
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Table 4. Regression for equations for dry matter accumulation of leaves and stems for 
Sherman, OR 14-13-2, OR 14-11-2, and Pa Bu2-2 
Entry Dry matter accumulation pattern t R2 Sx.y 
Leaf 
Sherman 
OR 14-13-2 
Pa Bu2-2 
y = -382 + 13.95x-0.087x^ 
y = -268+9.l9x-0.043x^ 
y = ^ 0 + 14.72x-0.077x^ 
0.83 29.63 
0.83 35.29 
0.80 60.52 
Stem 
Sherman y =-471 + 15.34x-0.08 Ix^ 0.77 53.84 
OR 14-13-2 y = -260 + 6.87x 0.87 87.46 
PaBu2-2 y = -495 + l3.67x-0.034x^ 0.82 129.8 
t in 1995, y = dry matter accumulation, and x = days after planting. 
Table 5. Leaf-to-stem ratio (LS) and ieaf-plus-pod-to-stem ratio (LPS) on 22 Aug. 1994 (102 DAP), 20 Sep. 1994 (130 
DAP), 22 Aug. 1995 (93 DAP), and 19 Sep. 1995 (121 DAP). 
LS LPS 
Entry 
1994 1995 1994 1995 
22 Aug. 20 Sep. 22 Aug. 19 Sep. 22 Aug. 20 Sep. 22 Aug. 19 Sep. 
OR 13-12-1 0.50 0.34 0.53 0.38 0.50 0.56 0.54 0,61 
OR 13-12-2 0.45 0.32 0.54 0.39 0.45 0.59 0.56 0,63 
OR 13-12-3 0.48 0.33 0.57 0.38 0,48 0.52 0.57 0.55 
OR 13-12-5 0.45 0.32 0.51 0.38 0.45 0,59 0,53 1,26 
OR 14-11-2 0.47 0.31 0,57 0.31 0,47 0,47 0,58 0,49 
OR 14-13-2 0.49 0.35 0.57 0.40 0,52 0,55 0,58 0,59 
OR 14-13-4 0.49 0.38 0.53 0.38 0,49 0.57 0,55 0,57 
OR 19-12-2 0.51 0.37 0.59 0.41 0.51 0.61 0,60 0.60 
OR 25-11-1 0.49 0.36 0.50 0.39 0.49 0.59 0,50 0.49 
OR 5-12-l(T) 0.42 0.38 0.47 0.34 0.51 0.86 0,49 0.64 
PA 10-1-2 0.46 0.27 0.50 0.34 0.57 1.06 0,54 0,86 
PA 15-12-5-2 - - 0.43 0.29 - - 0,45 0.62 
PA 5-2-1 0.46 0.29 0.54 0.36 0.61 1.16 0.59 0.96 
PA Bu2-2 0.47 0.32 0.52 0.35 0.58 1.21 0,54 0.81 
Kenwood 0.58 0.00 0.71 0.02 1.82 2.84 1,72 3.53 
Pella 86 0.55 0.01 0.63 0.05 1.47 2.63 1.24 3.11 
Sherman 0.61 0.04 0.64 0.07 1.47 2.67 1,18 3.02 
Flyer - - 0.57 0.25 - - 0,93 1,99 
Hutcheson 0.57 0.45 0.59 0.48 0.57 0,84 0,61 0,93 
Biloxi 0.58 0.43 0.77 0.52 0.58 0,43 1,11 0.52 
LSD 0.05 O.IO 0.06 0.06 0.10 0.23 0.60 0.10 0.29 
39 
Table 6. Equations for relationship among some characters of agronomic performance 
Equation r^ S.V 
1994 
LAIt= 0.81 + 0.021 (LDWt) 
LAI = 1.92 + 2.56 (RSH) -  0.36 (RSf 
Lod#= -1.04 + 0.022 (PH) 
SDW§ = -56.93 + 3 .40 (PH) 
PH =-34.90+ 8.56 (Nod) 
0.74 
0.38 
0.35 
0.74 
0.83 
1.03 
1.63 
1.05 
120.0 
24.23 
1995 
LAI = 0.37 + 0.023 (LDW) 
LAI = 0.86 + 3.06 (RS) - 0.46 (RS)^ 
Lod= -1.76 + 0.026 (PH) 
SDW = -57.20 + 3.41 (PH) 
PH = -30.24 + 8.11 (Nod) 
0.86 
0.41 
0.38 
0.84 
0.90 
0.75 
1.52 
0.95 
93.0 
20.50 
1994 and 1995 combined 
LAI = 0.56 + 0.022 (LDW) 
LAI = 1.73 + 2.51 (RS) - 0.36 (RS)^ 
Lod= -1.49 +0.024 (PH) 
SDW = -58.54 +3.42 (PH) 
PH =-32.06 + 8.31 (Nod) 
0.86 
0.33 
0.39 
0.79 
0.87 
0.89 
1.66 
1.00 
107.7 
22.43 
t LAI. Leaf Area Index 
J LDW=Leaf dry weight 
§ SDW = Stem dry weight 
^ RS = Reproductive stage of development (R) &om I to 8 
# Lod = Lodging score 
ttPH = Plant height 
XX. Nod = Node number. 
I 
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CHAPTER in 
NUTRITIVE VALUE OF SOYBEAN LINES DEVELOPED FOR FORAGE. 
A paper to be submitted to Agronomy Journal 
W. Darmosarkoro, K. J. Moore, D. R. Buxton, T. E. Devine, and I. C. Anderson 
ABSTRACT 
Soybean [Glycine max (L.) Merr.] has excellent potential as a forage crop, espedally 
when used as an emergency crop. Forage soybean lines have been developed primarily for 
producing herbage mass. The objective of this study was to evaluate the nutritive value of 
soybean lines grown in the Western Com Belt. In 1994, thirteen forage lines and five check 
cultivars were evaluated. In 1995, the same entries were evaluated, and one line and one 
check cultivar were added to the experiment. The forage lines had higher concentrations of 
neutral detergent fiber (NDF) and lignin than grain types. By 102 DAP, NDF and lignin 
concentrations were 560 and 95.5 g kg"', respectively, for OR 14-13-2 (the highest yielding 
line), and 440 and 58.3 g kg"* for Sherman (the highest yielding grain cultivar adapted to 
Iowa). Crude protein (CP) concentration and in vitro dry matter disappearance (IVDMD) of 
the forage lines were lower than those of the grain types. The line OR 14-13-2 had CP of 158 
g kg** and IVDMD of 566 g kg*', whereas Sherman had a CP and IVDMD of236 g kg"' and 
649 g kg'\ respectively. IBgh NDF and low CP of stems contributed to the low IVDMD of 
forage soybeans. The higher CP and IVDMD of check cultivars were caused, partially, by the 
higher value of crude protein accumulation in reproductive parts. As leaves had higher 
IVDMD and CP, and were lower in NDF than stems, both nutritive values and proportion of 
plant parts contributed to differences in total herbage quality among types. 
I 
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List of Abbreviations: DAP, days after planting; MG, maturity group; LAI, leaf area index; DM, 
dry matter; LS, leaf-to-stem ratio; ANOVA, Analysis of Variance; NDF, Neutral Detergent Fiber 
ADF, Acid Detergent Fiber; ADL, Acid Detergent Lignin; CP, Crude protein; IVDMD, In Vitro 
Dry Matter Disappearance. 
INTRODUCTION 
There is little information available on the nutritive value of soybeans grown for forage. 
Available information comes from studies where grain-type soybeans were evaluated for their 
potential as forage. Soybean developed for grain was shown to be useful as forage (Gupta et al., 
1973). Evaluation of soybean showed that it can be an important source of fiber and protein 
(Norman, 1978). Nutrient value and dry matter yield of soybean are closely related to maturity 
(Hintz and Albrecht, 1994). Ocumpaugh et al. (1981) reported that quality and quantity of 
forage soybean can be optimized when plants are harvested between R5 and R7. With respect 
to digestible protein and total digestible nutrients, soybean hay can equal alfalfa (Medicago 
sativa L.) and clover (Trifolhtm sp) quality, especially when soybean is cut when pods are 
filled (Good, 1942; Kintz and Albrecht, 1994). Some advantJ^es of soybean hay are that it can 
be produced in about 90 d and can also be planted on a lower quality soil than alfalfa, making 
it excellent for use as an emergency crop when other forage legumes fail. Use of soybean for 
forage may also fuDBll needs in the summer when cool-season grasses are less productive. In 
addition, soybean seed has a high oil (ca. 190 to 210 g kg*'; Washko, 1960) and high protein 
concentration (ca. 385 to 490 g kg"'; Washko, 1960; Wilcox and Cavin, 1995) which increases 
total energy of the forage and provides excellent nutrition for high-producing animals. Herbert et 
al. (1984) reported that planting com (Zea mays L.) and soybean at a 50:50 ratio increased 
CP from 77 to 102 g kg*' compared to com monoculture. 
Research for developing soybean for for^e began in 1976 by Dr. T. E. Devine. Cultivars 
Wilson 6, Forest, Peny, and line L76-0253 were used for initial crosses in the breeding 
improvement program. Cultivars Tracy M, Burlison, BSR 201, and Ripley were also used in 
crosses. By 1994, there were more than 14 soybean lines developed for forage production, and 
three these have been proposed for rdease. These lines are in maturity group (MG) V and VI (T. 
E. Devine, 1994, personal communication), whereas soybean cultivars normally planted in Iowa 
are in MG II and IIL 
The purpose of this study was to evaluate the nutritive value of these later maturing forage 
soybean lines in the Western Com Belt and compare to shorter season grain-type soybeans as the 
check cultivars. 
MATERIAL AND METHODS 
Location and Design 
The experiment was conducted on the Bruner Farm of Iowa State University, Ames, lA 
(42° N latitude and 93° W longitude) on a Clarion (Jypic Haplndolls) soil and a NicoUet {Aquic 
Hc^ludolls) soil in the Clarion-NicoUet-Wdjster (CNW) soil associations in 1994 and 1995. The 
experimental design consisted of a completely randomized block arrangement with four 
replications. Each plot consisted of four 76-cm wide rows 7.6 m in length arranged in a north-
south direction. The experimem was planted on 13 May 1994 and 22 May 1995 with 19.6 seeds 
m * of row. In 1994,13 forage lines and five check cultivars were used as treatments (Table 1). In 
] 
! 
i 
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1995, another check cultivar. Flyer, and another forage line, PA 15-12-5-2, were added. Forage 
lines were provided by Dr. T. E. Devine (BARC, ARS, USDA). 
Sampling 
Sampling was only from the center two rows of the four rows in each plot. The subplots 
were sampled eight times during the growing season to measure the progression of growth and 
development. The samples were collected biweekly from 27 June to 4 Oct. 1994, and from 27 
June to 2 Oct. 1995. These samples included three or more plants taken from 30 cm of row length. 
Samples were dried (55 °C) and ground in a Thomas Wiley mill, then a Udy cyclone mill to pass a 
I-mm screen. 
Parameters Measured 
Concentrations of NDF, acid detergent fiber (ADF), hemicellulose, and cellulose for 
calibration set were determined by using a sequential detergent fiber analysis system (Goering and 
Van Soest, 1970). Lignin was determined m ash-free acid detergent lignin (ADL). Total N 
was determined by the procedure of Nelson and Sommers (1973), and CP was calculated as 
6.25 X N concentration. In vitro dry matter disappearance was determined by the procedure 
of Marten and Barnes (1980). Determination of IVDMD, NDF, ADF, lignin, CP of samples 
were done by using a near-infrared reflectance spectroscopy, a NIRS 6500 (NIRSystem, Inc., 
Silver Spring, MD). Sample calibration of NIRS (Table 2) was done by using NIRS-2 ver. 
3.00 (Infrasoft International, 1994). Total herbage parameters were calculated by summation 
of the total value in leaf, stem, and reproductive parts divided by their total dry weight. 
I 
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Statistical Analysis 
The data were analyzed by using ANOVA of SAS (SAS Institute, 1985), with the model: 
(A + Yj + B(^- + Ek+YEac + + D| + YDg + BD(i]ii +ED|(i+ YEDii(i+ B£D(i)iiii 
where measured parameter, Y = efl^ of year, B = efl^ of block, E = effect of entry, D = 
effect of sampling date, i = i"" year, j = 'f^ replication, k = k* entry, 1 = l"* sampling date. Tests of F 
were performed using B(i), for Yi, YEoc for Ek, BE(,-)jic for YEfe YDa for Di, BD(i)ji for YDa, YEDaa 
for EDu, and BED(i]iki for YEDad- Mean comparisons were made using an LSDo os and contrasts to 
compare forage lines vs. grain types and among maturity groups. 
RESULTS 
Differences among cultivars were observed for all measured parameters (Table 3). 
However^ OP. 14-13-2 and OR 14-11-2 (forage lines with the highest biomass yield), and 
Sherman, Pella 86, and Kenwood (grain-type soybean adapted to Iowa) will be emphazised in 
our evaluation. 
fai Vitro Dry Matter Disappearance 
Leaf and stem IVDMD decreased with maturity, whereas IVDMD of reproductive 
parts for all entries tended to increase with maturity (Figure 1). However, total herbage 
IVDMD decreased with maturity. The decrease in stem IVDMD was faster than that of leaf. 
By 46 and 144 DAP, stem IVDMD of OR 14-13-2 were 585 and 439 g kg'', respectively, 
and leaf IVDMD of OR 14-13-2 were 760 and 704 g kg'\ respectively. 
By 22 Aug. 1994 (102 DAP), IVDMD of forage lines tended to be similar to those of 
check cultivars (689 to 726 g kg '). Stem IVDMD ranged from 463 to 532 g kg ' (Table 4). 
By 102 DAP, total herbage IVDMD of Sherman, Kenwood, and PelIa-86 (655 to 677 g kg"') 
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was higher than FVDMD of OR 14-13-2 and OR 14-11-2 (564 and 535 g kg"', respectively). 
At the end of the season (130 DAP), the FVDMD of check cultivars had increased more than 
those of forage lines. 
Neutral Detergent Fiber Concentration 
The concentration of leaf NDF mostly increased until 88 DAP (1994) and 79 DAP 
(1995), and then decreased. Stem NDF concentrations increased with maturity. Conversely, 
NDF of reproductive parts decreased with maturity (Figure 2). On 93 DAP, the leaf IVDMD 
of check cultivars (MG n and IH) ranged from 254 to 274 g kg'\ whereas that of the forage 
lines ranged from 262 to 293 g kg*'. Since the total herbage NDF concentration is dependent 
upon the proportion of leaf; stem and pod, NDF concentration of total herbage increased until 
about 120 DAP. By the early Sep. 1994 (116 DAP), NDF concentrations in total herbage of 
Kenwood, Sherman, and Pella 86 tended to be lower than those of forage lines (ranged from 
389 to 394 g kg*' vs. 500 to 579 g kg*', respectively). 
Cellulose and Hemicellulose 
Total herbage cellulose concentrations of Sherman, Kenwood, and Pella 86 increased 
with maturity until about 22 Aug. 1994 (102 DAP), then decreased to 80 g kg"' (Table 4), 
whereas those of forage lines increased until about late Sep. 1994, and then decreased to 117 
g kg*'. By early Sep. (116 DAP), total herbage cellulose concentrations of check cultivars 
(MG n and m) tended to be higher than those of forage lines. 
Hemicellulose concentration patterns of total herbage were tended to be similar to 
those of cellulose concentrations. By 116 DAP, the concentrations of hemicellulose of 
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Sherman and Kenwood were 247 and 250 g kg"', respectively, whereas those of forage lines 
PA Bu2-2 and OR 14-13-2 were 308 and 345 g kg"', respectively. 
Lignin 
By 22 Aug. 1994 and 22 Aug. 1995 stem lignin concentrations (ca. > 85 g kg"') were 
higher than those of leaves (ca. < 72 g kg"'). Forage lines tended to have higher stem iignin 
concentration than check cultivars. Total herbage lignin concentrations were 58.3, 78.5, and 
92.8 g kg"' by 116 DAP in 1994, and 55.8, 77.0, and 87.5 g kg"' by 107 DAP in 1995 for 
Sherman, PA Bu2-2, and OR 14-13-2, respectively. 
Crude Protein 
Total herbage protein ranged from 199 to 218 g kg"' by 22 Aug. 1994, and 216 to 234 
g kg"' by 22 Aug. 1995 for the check cultivars (MG H and IE), whereas at the same times, 
those of forage lines were less than 160 and 161 g kg*', respectively (Table 4). Stems were 
lower in CP concentrations than leaves and reproductive parts. However, stems of Sherman, 
Kenwood, and Pella-86 (ca. 89, 94, and 108 g kg"', respectively) tended to have higher CP 
concentrations than those of OR 14-13-2 and PA Bu2-2 (82 and 86 g kg"', respectively) 
(Table 4; Figure 3). 
DISCUSSION 
Plant maturity is an important factor influencing the overall forage quality of soybean, 
because the proportion of leaf to stem decreases with time (Willard, 1925; Taylor and Meche, 
1983). Forage quality of soybean declined between R1 and R5, and then increased from R5 
to R7 because of pod and bean production (Hintz et al., 1992; Sandhu et al., 1969). The 
proportion of leaf plus reproductive components compared to the stem DM (LPS) may reflect 
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the importance of the higher quality of leaf than that of stem, and the importance of high oil 
and protein concentrations in seed. Since forage soybeans had less pod and more stem, forage 
quality of forage soybean may be lower that that of grain-type soybean including LPS values, 
especially at the end of the season (early or late September). 
Concentrations of cellulose and hemicellulose of stem increased, whereas those of 
reproductive parts decreased with maturity. These results agree with those of previous 
reports (Egli, 1988; Hintz et al., 1992). Leaf and stem IVDMD declined with maturity, and 
that of reproductive parts increased. Since grain-type soybeans adapted to Iowa produced 
more seed than forage lines, after 102 DAP (R5) grain-types tended to have greater total 
herbage IVDMD than forage lines. The decrease of IVDMD with maturity occurred in leaves 
and stems, but not in reproductive parts, thus IVDMD of total herbage decreased with 
maturity. Munoz et al. (1981) reported that the IVDMD of shoot was constant, and total 
digestible dry matter followed total dry matter production trends. Forage quality was related 
to MG, in which the later maturity showed more accumulation of vegetative dry matter. 
Conversely, accumulation of reproductive parts with forage soybean was less than that of the 
grain type adapted to Iowa. 
Hintz and Albrecht (1994) reported that Williams 82 produced 140 g kg"' less pod 
material compared with Pella. In addition, total herbage nutritive value was closely related to 
the proportion of lea^ stem, and reproductive parts (Gupta et al., 1973). High NDF and low 
CP concentration of stems, with respect to high proportion of stems, contributed to the lower 
IVDMD of forage soybeans. Although, the digestibility of NDF from different entries and 
their parts may be different, because there are differences in cell wall compositions and their 
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digestibility (Deetz et aU 1996; Kephart et al, 1990). The higher CP concentration and 
rVDMD of total herbage of check cultivars compared with forage lines were caused by the 
higher total CP accumulation in the reproductive parts, and the lower proportion of stems. 
Hanway and Weber (1971) reported that some dry matter from stems was translocated to 
seed- Nitrogen from stem and pod walls was redistributed to seed from R5 to R7 with a 
relatively constant flow, and depended upon the amount of N available for redistnbution. The 
fact that the CP concentration affected IVDMD might have resulted because protein 
availability is more than 90% (Fisher et al., 1995). However, other constituents, such as ether 
extract, also may be involved in IVDMD increase (Johnson et al., 1985). 
Forage lines tended to have lower LS ratios than check cultivars. Also, at any given 
time, leaves had higher FVDMD and CP concentration, and lower NDF concentration than 
stems resulting in greater nutritive values of grain type soybeans. With respect to CP 
concentration, CP increased in reproductive parts, and decreased in stems and leaves. Since there 
was competition between vegetative and reproductive growth at flowering (Shibles et al., 1975; 
Hanway and Weber, 1971), and difl!erences between grain type and forage lines in reaching their 
R1 stages, the best nutritive values of each entry may be obtained at different times dates. 
However, total herbage nutritive values of grain types tended to be greater after 102 DAP than that 
of forage lines because of greater proportion of reproductive parts in grain-type soybean than that 
in forage lines. In addition, the stem DM of forage soybeans was still increased during that period 
of time. These results agreed with that of Harv^r et al. (1982), that forage yield of soybean was 
greatest at R6. Soybean harvested at R6 had less ADF and acid detergent lignin (ADL), and 
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smallest percentage of stem than at RI and R4. In addition, the higher proportion of stem at 
R4 lowered overall forage quality. 
The more vigorous growth of forage lines (OR 14-13-2) than that of grain-type soybeans 
(Sherman) might be closely related to their lower nutritive values such as the higher NDF (634 vs. 
578 g kg"', respectively), higher lignin (107 vs. 94 g kg*', respectively), and lower CP concentration 
(7.8 vs. 11.7 %) of stems. This phenomenon agreed with the edstence of a negative correlation 
between yield and protein (Sebem and Lambert, 1984; Hartwig and Hinson, 1972), by which the 
higher biomass yield changes the proportion of plant parts, thus, changing of the chemical 
composition the plant. These all contribute to changes in overall forage quality. 
CONCLUSIONS 
As the proportion of stem increased, the quality of total herbage of soybean decreased. 
The higher quality, as indicated by a high concentration of CP and IVDMD of grain-type 
soybeans by late August and early September resulted from the higher proportion of 
reproductive parts as well as lower proportions of stem than those of forage soybean lines. 
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Figure 1. In vitro dry matter disappearance of leaf, stem, reproductive parts, and total herbage of 
'Hutcheson', 'Sherman', OR I4-11-2, OR 14-13-2, and Pa Bu2-2 in 1994. 
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Figure 2. Neutral detergent fiber (NDF) concentration of leaf, stem, reproductive parts, and total 
herbage of 'Hutcheson', 'Sherman', OR 14-11-2, OR 14-13-2, and Pa Bu2-2 in 1994. 
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Figure 3. Crude protein concentration of leaf, stem, reproductive parts, and total herbage of 'Hutcheson', 
'Sherman', OR 14-11-2, OR 14-13-2, and Pa Bu2-2 in 1994. 
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Table 1. Soybean lines and cultivars used in the experiment 
Entry Maturity 
group 
Type Best adaptation/ distributions 
Kenwood n grain type 41 to 43 "N; IL, lA, NE, OH, Wit 
PeUa86 in grain type 40 to 42 "N; DL, IN, lA, NE, OHj 
Sherman HI grain type 39 to 41 ®N; IL, IN, KS, KY, MS§ 
Flyer IV grain type 38 to 40 °N; EL, IN, KS, MS, 0H1[ 
Hutcheson V grain type 34 to 38 °N; VA, AL, GA, KS, MS, TN# 
OR 5-12-l(T) V forage line li­
PA 10-1-2 V forz^e line ft 
PA 15-12-5-2 V forage line tt 
PA 5-2-1 V forage line tt 
PA Bu2-2 V forz^e line tt 
OR 13-12-1 VI forage line tt 
OR 13-12-2 VI forage line tt 
OR 13-12-3 VI forage line tt 
OR 13-12-5 VI forage line tt 
OR 14-11-2 VI forage line tt 
OR 14-13-2 VI forage line tt 
OR 14-13-4 VI fors^e line tt 
OR 19-12-2 VI forage line tt 
OR 25-11-1 VI forage line tt 
Biloxi vin grain type Southern regions^j 
# Buss et al., 1988. 
ft Line originated and is being tested in Pennsylvania (T. 
E. Devine, personal communication). 
Regions near gulf; Florida, etc. 
t Cianzio et al., 1990. 
t Fehretal., 1987. 
§ McBlain et al., 1987. 
t McBIain et al., 1990. 
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Table 2. Near infirared reflectance spectroscopy calibration statistic 
Parameter Plant parts 
Leaf Stem Pod 
Nt SECt N SEC R^ N SEC R^ 
IVDMD 72 1.11 0.91 74 1.08 0.99 57 0.66 0.95 
NDF 66 9.08 0.94 70 9.19 0.99 52 10.28 0.98 
ADF 69 9.67 0.93 72 25.17 0.91 53 9.68 0.97 
Lignin 65 2.98 0.93 72 5.21 0.96 51 4.58 0.84 
CP 67 0.51 0.99 74 0.31 0.99 56 0.43 0.98 
N SECV§ N SECV R^ N SECV R-
IVDMD 72 1.11 0.91 74 1.84 0.96 57 1.06 0.87 
NDF 66 13.64 0.87 70 16.14 0.97 52 12.46 0.97 
ADF 69 17.13 0.78 72 29.16 0.88 53 13.30 0-94 
Lignin 65 4.64 0.82 72 7.12 0.92 51 5.12 0.80 
CP 67 0.60 0.99 74 0.45 0.99 56 0.60 0.97 
SEP1 r^ SEP r SEP r 
rVDMD 0.98 0.98 1.90 0.96 1.06 0.88 
NDF 12.37 0.90 17.50 0.97 15.15 0.95 
ADF 11.65 0.90 39.18 0.80 13.04 0.95 
Lignin 4.95 0.84 6.84 0.93 7.90 0.60 
CP 0.79 0.98 0.38 0.99 0.66 0.96 
t Nxnnber of sample calibrated. 
X Standard Error of Calibration. 
§ Standards Error of Cross Validation. 
^ Standard Error of Prediction. 
Table 3. Mean squares from analysis of variance of IVDMD, NDF, cellulose, hemicellulose, lignin, and crude protein in 
total herbage 
Source df IVDMDt NDFt Cellulose Hemicellulose Lignin Crude protein 
Year 1 ••624.5 ••668264 ••159800 ••83691 ••16043 •84.1 
Block(Year) 6 37.5 11592 1487 3402 277 7.6 
Entry 17 ••438.9 ••81677 ••1631 ••40867 ••3488 ••258.9 
Year* Entry 17 11.6 1234 241 712 44 ••3.4 
13lock*Entry(Year) 102 8.1 1047 159 459 31 1.3 
Oate 7 •2035.9 ••415209 7942 ••150315 ••30545 ••1072.7 
Year* Date 7 ••355.6 ••22436 ••8248 ••4786 ••1956 ••68.5 
Block*Datc(Year) 42 10.0 2587 805 854 49 3.7 
Enlry^Date 1 1 9  ••44.0 ••9721 ••404 ••4305 ••394 ••19.3 
Ycar*Entry*Da(e 1 1 9  •11.8 •833 •146 ••416 ••39 ••2.1 
Error 714 8.8 635 113 305 21 1.3 
** Indicates significance at the P<O.OI level; *, significant at P<O.OS level, 
t In vitro dry matter digestibility, 
I Neutral detergent fiber. 
Table 4. In vitro dry matter digestibility, NDF, lignin and crude protein on 22 Aug. 1994 (102 DAP) and 22 Aug. 1995 (93 DAP) 
IVDMD NDF Lignin Crude Protein 
Entry 
1994 1995 1994 1995 1994 1995 1994 1995 
8 "^6 gKg g Kg -
Leaf 
Kenwood 726 737 289 254 48.3 44,8 286 325 
Pella 86 726 722 295 274 50.0 51.8 275 308 
Sherman 716 739 311 268 53.8 46,5 312 335 
Flyer - 746 - 250 - 44.5 - 327 
Hutcheson 710 731 316 283 62.5 53.0 308 321 
OR 5-12-1(1) 719 740 299 262 52.8 48.5 262 285 
PA 10-1-2 713 731 302 283 49.8 47.8 280 299 
PA 15-12-5-2 - 745 - 262 - 43.5 - 296 
PA 5-2-1 721 736 301 276 56.3 48.8 289 300 
PA Bu2-2 715 740 305 266 55.0 52,3 295 302 
OR 13-12-1 704 714 308 290 56.0 55.5 281 291 
OR 13-12-2 698 713 320 290 63.0 58.5 273 272 
OR 13-12-3 702 705 308 293 59.8 62.8 271 270 
OR 13-12-5 707 704 312 289 60.0 56.0 280 287 
OR 14-11-2 717 722 301 271 59.8 50.8 294 302 
OR 14-13-2 711 731 303 268 53.5 49.0 306 306 
OR 14-13-4 714 730 300 270 57.3 51.0 296 299 
OR 19-12-2 709 713 303 279 55.3 52.8 284 291 
OR 25-11-1 693 740 325 259 63.3 45.0 277 295 
Diloxi 689 710 328 299 72.0 59.0 290 290 
LSD 0,05 12.1 16.2 15.0 18.4 6.23 7.41 16,4 11.7 
(continued) 
Table 4. (continued) 
IVDMD 
Entry 
1994 1995 
g kg' 
Stem 
Kenwood 469 513 
Pelta 86 473 515 
Sherman 520 543 
Flyer - 559 
Hutcheson 532 555 
OR 5-12-1(1) 472 492 
PA 10-1-2 513 523 
PA 15-12-5-2 - 526 
PA 5-2-1 470 489 
PA Bu2-2 489 508 
OR 13-I2-I 500 491 
OR 13-12-2 492 516 
OR 13-12-3 477 492 
OR 13-12-5 484 495 
OR 14-11-2 463 471 
OR 14-13-2 488 477 
OR 14-13-4 463 482 
OR 19-12-2 464 506 
OR 25-11-1 486 509 
Biloxi 526 535 
LSD 0.05 22.1 33.4 
NDF Lignin Crude Protein 
1994 1995 1994 1995 1994 1995 
g Kg g Kg 
678 588 115 102 94 118 
703 606 115 101 89 116 
649 578 102 94 108 117 
- 545 - 90 - 131 
629 569 94 85 94 96 
688 637 109 105 69 81 
651 593 101 96 93 90 
- 622 - 96 - 87 
698 627 110 103 83 81 
686 634 109 103 86 81 
680 640 103 102 75 81 
688 608 106 97 80 83 
695 652 109 106 69 80 
695 636 106 103 77 83 
685 643 113 109 77 82 
690 634 110 107 82 78 
692 641 114 108 78 82 
705 623 113 101 63 79 
687 625 110 lOI 66 78 
678 621 100 93 80 85 
19 32 4.7 7.8 10.6 12.2 
(continued) 
Table 4. (continued) 
IVDMD NDF Lignin Crude Protein 
Pntrv 
1994 1995 1994 1995 1994 1995 1994 1995 
- 0 Icd'^ — o If g Kg g Kg gKg 
Reproductive parts 
Kenwood 733 768 260 283 32.5 35.0 284 288 
Pella86 718 781 283 321 37.5 42.5 273 286 
Sherman 751 779 287 343 34.5 44.8 279 288 
Flyer - 782 - 364 - 47.5 - 284 
Hutcheson 724 689 334 358 45.0 47.5 233 205 
OR 5-12-l(T) 755 670 402 381 51.3 52.0 243 208 
PA 10-1-2 776 740 399 386 50.3 53.0 258 239 
PA 15-12-5-2 - 682 - 368 - 51.0 - 206 
PA 5-2-1 782 717 394 378 49.0 49.8 262 238 
PA Bu2-2 774 725 401 374 49.7 49.0 274 244 
OR 13-12-1 752 701 356 362 48.0 48.0 236 226 
OR 13-12-2 - 699 - 356 - 48.0 - 219 
OR 13-12-3 - - - - - - - -
OR 13-12-5 - 690 - 377 - 49.0 - 216 
OR 14-11-2 - 688 - 352 - 50.0 - 216 
OR 14-13-2 788 689 393 358 47.0 51.0 297 212 
OR 14-13-4 - 703 - 358 - 48.5 - 224 
OR 19-12-2 - 673 - 370 - 50.5 - 202 
OR 25-11-1 - - - - - - - -
Biloxi - - - - - - - -
LSD 0.05 21.1 28.3 17.21 16.81 3.88 3.17 18.1 27.0 
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GENERAL CONCLUSION 
Soybean lines developed for forage had more vigorous vegetative growth (height, 
lea^ and stem dry mass), greater biomass yield, and were later maturing. In early 
September, forage lines had more leaf DM, which gave higher LS ratio, compared with 
the check grain type cultivars adapted to Iowa. Based on growth parameters, forage 
soybean showed their advantages over grain-type soybeans. As yield and the proportion 
of stem increased, the quality of total soybean herbage decreased. Ifigher quality of grain-
type soybeans in early September resulted from the higher proportion of reproductive 
parts as well as the lower proportions of stem when compared with forage lines. Nutritive 
values of forage lines were lower than that of grain type soybeans. However, comparing 
grain-type soybeans with forage soybeans based on quality is not the only way to evaluate 
the desirability of forage soybeans for forage production. Moreover, the herbage nutritive 
value and the use of forage soybean herbage can be balanced by an addition of feed 
supplement. 
I 
I 
I I 
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Table AI. 1. Analysis of variance for leaf dry weight observed in 1994 using complete 
analysis! of variance components. 
Source DF Mean Square F Value P r > F  
Block J 5994 
Entrv 17 30728 7.96 0.0001 
Error a 51 2719 
Date 7 265167 177.62 0.0001 
Error b 21 1428 
Entrv*Date 115 8236 3.53 0.0001 
Error c 343 2189 
t no pooling; R" = 0.81; CV = 26.93 
Table Al .2. Analysis of variance for leaf dry weight observed in 1995 using the complete 
analysisf of variance components. 
Source DF Mean Square F Value P r > F  
Block 3 9829 
Entrv 19 17308 14.01 0.0001 
Error a 57 1235 
Date 7 420503 132.48 0.0001 
Error b 21 3174 
Entr\'*Date 128 6034 4.58 0.0001 
Error c 383 1316 
t no poolinr, = 0.89; CV = 25.22. 
Table Al .3. Analysis of variance for leaf dry weight, combined 1994 and 1995, using the 
complete analysisf of variance components. 
Source DF Mean Square F Value P r > F  
Year 1 200133 26.34 0.0022 
BIock(Year) 6 7598 
Entry 17 34169 8.64 0.0001 
Year*Entry 17 3954 1.94 0.0223 
Block*Entry(Year) 102 2038 
Date 7 630264 22.44 0.0003 
Year*Date 7 28088 11.68 0.0001 
Block*Date(Year) 42 2404 
Entry*Date 115 11340 4.55 0.0001 
YeaP*Entry*Date 115 2490 1.4 0.0067 
Error 687 1782 
t no pooling: R" = 0.86; CV = 26.3. 
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Table A1.4. Analysis of variance for stem dry weight observed in 1994 using the complete 
analysist of variance components. 
Source DF Mean Square F Value P r > F  
Block J 24470 
Entrv- 17 189020 17.79 0.0001 
Error a 51 10625 
Date 7 2945621 538.21 0.0001 
Error b 21 5473 
Entrv*Date 119 32858 4.03 0.0001 
Error c 359 9945 
t no pooling: R" = 0.91: CV = 26.2. 
Table A1.5. Analysis of variance for stem dry weight observed in 1995 using the complete 
analysist of variance components. 
Source DF Mean Square F Value P r > F  
Block 3 73026 
Entrv 19 205029 41.82 0.0001 
Error a 57 4903 
Date 7 3450763 226.47 0.0001 
Error b 21 15237 
Entrv*Date 133 34073 6.34 0.0001 
Error c 399 5371 
t no pooling; R" = 0.94; CV = 24.8. 
Table A1.6. Analysis of variance for stem dry weight, combined 1994 and 1995, using the 
complete analysist of variance components. 
Source DF Mean Square F Value P r > F  
Year I 594335 13.97 0.0097 
Block(Year) 6 42553 
Entry 17 373358 17.27 0.0001 
Year*Entry 17 21614 2.74 0.0009 
Block*Entry(Year) 102 7887 
Date 7 6142496 202.45 0.0001 
Year*Date 7 30341 3.03 0.0114 
Block*Date(Year) 42 10028 
Entry*Date 119 54857 4.90 0.0001 
Year*Entry*Date 119 11197 1.61 0.0001 
Error 714 6934 
t no pooling: R* = 0.92: CV = 25.9. 
Table A 1.7. Analysis of variance for pod dry weight observed in 1994 using the complete 
analysist of variance components. 
Source DF Mean Square F Value P r > F  
Block J 1236 
Entry 16 334415 63.60 0.0001 
Ertor a 48 5258 
Date 5 1207802 378.22 0.0001 
Error b 15 3193 
Entrv*Date 45 11875 1.88 0.0027 
Error c 132 6103 
t no pooling; R" = 0.92; CV = 34.9. 
Table A1.8. Analysis of variance for pod dry weight observed in 1995 using the complete 
analysist of variance components. 
Source DF Mean Square F Value P r > F  
Block J 14145 
Entr>' 18 215230 13.37 0.0001 
Error a 54 16094 
Date 5 947643 135.65 0.0001 
Error b 14 6986 
Entr}^*Date 52 17810 1.26 0.215 
Error c 147 15030 
t no pooling; R" = 0.79; CV = 66.1. 
Table A1.9. Analysis of variance for pod diy weight, combined 1994 and 1995, using the 
complete analysis of variance components. 
Source DF Mean Square F Value P r > F  
Year 1 51473 6.77 0.0343 
Block(Year) 6 7599 
Entry 16 526510 24.74 0.0001 
Year*Entry 16 21286 1.83 0.0641 
Block*Entry(Year) 96 11650 
Date 5 1926371 201.88 0.0001 
Year*Date 5 9542 1.82 0.2028 
Block*Date(Year) 29 5253 
Entry* Date 45 18103 1.41 0.0331 
Year*Entry*Date 45 12873 1.13 0.2729 
Error 258 1136 
t no pooling: R" = 0.86; CV = 50.4. 
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Table A1.10. Analysis of variance for plant height observed in 1994 using the complete 
analysist of variance components. 
Source DF Mean Square F Value P r > F  
Block 3 861 
Entrv 17 20417 137.06 0.0001 
Error a 51 149 
Date 7 209707 1250.85 0.0001 
Error b 21 168 
Entrv*Date 119 1233 17.32 0.0001 
Error c 357 71.2 
t no pooling; R" = 0.99; CV = 7.14. 
Table A1.11. Analysis of variance for plant height observed in 1995 using the complete 
analysis of variance components. 
Source DF Mean Square F Value P r > F  
Block 3 2591 
Entr\- 19 14889 96.68 0.0001 
Error a 57 154 
Date 7 296285 3366.88 0.0001 
Error b 21 88 
Entrv*Date 133 1310 20.55 0.0001 
Error c 399 63.7 
t no pooling; R" = 0.99; CV = 7.7. 
Table Al.12. Analysis of variance for plant height, combined 1994 and 1995, using the 
complete analysisf of variance components. 
Source DF Mean Square F Value P r > F  
Year 1 55015 33.69 0.0001 
BIock(Year) 6 1633 
Entry 17 34366 63.52 0.0001 
Year*Entry' 17 541 3.47 0.0001 
BIock*Entry(Year) 102 156 
Date 7 479012 151.68 0.0001 
Year*Date 7 3158 23.74 0.0001 
Block*Date(Year) 42 133 
Entry*Date 119 2432 36.30 0.0001 
Yeai*Entry*Date 119 67 1.01 0.4809 
Error 714 66.4 
+ no pooling; R" = 0.99; CV = 7.3. 
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Table Al. 13. Analysis of variance for lodging observed in 1994 using the complete analysis^ 
of variance components. 
Source DF Mean Square F Value Pr > F 
Block 3 1.43 
Entry 17 4.79 6.84 0.0001 
Error 51 0.71 
t no pooling; R* = 0.71; CV = 37.2. 
Table Al.14. Analysis of variance for lodging observed in 1995 using the complete analysis 
of variance components. 
Source DF Mean Square F Value Pr > F 
Block J 0.37 
Entry 19 5.67 54.81 0.0001 
Error 57 0.10 
t no pooling; R" = 0.95; CV = 18.9. 
Table Al.15. Analysis of variance for lodging, combined 1994 and 1995, using the complete 
analysist of variance components. 
Source DF Mean Square F Value Pr > F 
Year 1 12.84 13.66 0.0001 
Block(Year) 6 0.94 
Entry 17 9.38 8.85 0.0001 
Year*Entry 17 1.06 2.67 0.0012 
Error 102 0.40 
t no pooling; R- = 0.83: CV = 32.3. 
i 
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Table A1.16. Analysis of variance for leaf area index observed in 1994 using the complete 
anaiysist of variance components. 
Source DF Mean Square F Value P r > F  
Block 3 2 
Entrv 17 11 5.85 0.0001 
Error a 51 2 
Date 7 184 117.57 0.0001 
Error b 21 2 
Entry*Date 115 5 3.98 0.0001 
Error c 341 1.32 
t no pooling; R" = 0.83; CV = 25.5. 
Table A1.17. Analysis of variance for leaf area index observed in 1995 using the complete 
analysis! of variance components. 
Source DF Mean Square F Value P r > F  
Block 3 8.48 
Entry- 19 9.59 9.91 0.0001 
Error a 57 0.97 
Date 7 301.5 158.82 0.0001 
Error b 21 1.89 
Entry*Date 128 4.01 4.80 0.0001 
Error c 382 0.82 
t no pooling; R" = 0.90; CV = 24.6. 
Table Al. 18. Analysis of variance for leaf area index, combined 1994 and 1995, using the 
complete analysisf of variance components. 
Source DF Mean Square F Value P r > F  
Year 1 151.97 32.20 0.0013 
Block(Year) 6 4.72 
Entry 17 17.31 5.45 0.0004 
Year*Entry 17 3.16 2.15 0.0099 
Block*Entry(Year) 102 1.47 
Date 7 446.15 30.81 0.0001 
Year*Date 7 14.5 8.26 0.0001 
Block*Date(Year) 42 1.75 
Entry*Date 115 7.48 3.85 0.0001 
Yeat^Entry*Date 115 1.95 1.77 0.0001 
Error 684 1.10 
t no pooling; R" = 0.87; CV = 25.3. 
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Table AL19. Analysis of variance for leaf-to-stem ratio observed in 1994 using the complete 
analysist of variance components. 
Source DF Mean Square F Value P r > F  
Block 3 0.06 
Entry 17 0.25 35.51 0.0001 
Error a 51 0.01 
Date 7 19.14 1106.6 0.0001 
Error b 21 0.02 
Entr3;*Date 119 0.04 7.02 0.0001 
Error c 347 0.006 
t no pooling; R" = 0.99; CV = lO.l. 
Table A1.20. Analysis of variance for leaf-to-stem ratio observed in 1995 using the complete 
analysis! of variance components. 
Source DF Mean Square F Value P r > F  
Block J 0.33 
Entry- 19 0.15 5.17 0.0001 
Error a 57 0.03 
Date 7 21.74 81.77 0.0001 
Error b 21 0.27 
Entry-*Date 129 0.04 1.14 0.1806 
Error c 383 0.03 
t no pooling; R~ = 0.93; CV = 22.9. 
Table A1.21. Analysis of variance for leaf-to-stem ratio, combined 1994 and 1995, using the 
complete analysist of variance components. 
Source DF Mean Square F Value P r > F  
Year I 0.78 4.87 0.0698 
Block(Year) 6 0.16 
Entr\- 17 0.37 13.27 0.0001 
Year*Entry 17 0.03 2.11 0.0001 
Block*Entry(Year) 102 0.01 
Date 7 37.67 101.40 0.0116 
Year* Date 7 0.37 2.98 0.0125 
Block*Date(Year) 42 0.12 
Entry*Date 119 0.06 3.13 0.0001 
Year*Entry*Date 116 0.02 1.24 0.0574 
Error 691 0.0017 
t no pooling; R" = 0.96; CV=16.2. 
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Table A 1.22. Analysis of variance for leaf-plus-pod-to-stem ratio observed in 1994 using the 
complete analysist of variance components. 
Source DF Mean Square F Value P r > F  
Block J 0.0016 
Entrv 17 5.71 430.45 0.0001 
Error a 49 0.01 
Date 5 5.79 457.60 0.0001 
Error b 15 0.01 
Entrv*Date 51 0.18 7.91 0.0001 
Error c 137 0.0233 
t no pooling: R" = 0.97: CV=15.1. 
Table A1.23. Analysis of variance for leaf-plus-pod-to-stem ratio observed in 1995 using the 
complete analysist of variance components. 
Source DF Mean Square F Value P r > F  
Block J 0.04 
Entry 19 5.61 31.55 0.0001 
Error a 55 0.17 
Date 5 3.65 41.16 0.0001 
Error b 14 0.08 
Entry^^Date 62 0.67 10.67 0.0001 
Error c 157 0.07 
t no pooling: R" = 0.96: CV = 25.0. 
Table A1.24. Analysis of variance for leaf-plus-pod-to-stem ratio, combined 1994 and 1995, 
using the complete analysist of variance components. 
Source DF Mean Square F Value P r > F  
Year I 0.181 3.91 0.048 
BIock(Year) 6 0.01 
Entry 17 10.07 217.61 0.0001 
Year*Entry 17 0.07 1.64 0.0542 
BIock*Entry(Year) 96 0.102 
Date 5 6.09 131.63 0.0001 
Year*Date 5 0.12 2.68 0.022 
Block*Date(Year) 29 0.04 
Entry*Date 56 0.046 15.60 0.0001 
Year*Entry*Date 49 0.722 2.23 0.0001 
Error 273 0.103 
t no pooling: R" = 0.96: CV = 21.5 
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Table Al.25. Analysis of variance for node number observed in 1994 using the complete 
analysist of variance components. 
Source DF Mean Square F Value P r > F  
Block J 1.98 
Entry 17 41.25 24.85 O.OOOl 
Error a 51 1.66 
Date 7 2933.56 I164.ll 0.0001 
Error b 21 2.52 
Entrv*Date 119 7.37 5.61 O.OOOl 
Error c 357 0.32 
t no pooling; R" = 0.98; CV = 6.4. 
Table AI.26. Analysis of variance for node number observed in 1995 using the complete 
analysist of variance components. 
Source DF Mean Square F Value P r > F  
Block 3 21.99 
Entr\' 19 50.12 46.41 O.OOOl 
Error a 57 1.08 
Date 7 4638.31 1772.8 O.OOOl 
Error b 21 2.62 
Entrv*Date 133 7.24 5.47 O.OOOl 
Error c 399 0.32 
t no pooling; R" = 0.98; CV = 7.0. 
Table A 1.27. Analysis of variance for node number, combined 1994 and 1995, using the 
complete analysist of variance components. 
Source DF Mean Square F Value P r > F  
Year I 545.88 54.64 0.0003 
Block(Year) 6 9.99 
Entrv- 17 89.14 27.43 O.OOOl 
Year*Entry 17 3.25 2.34 0.0047 
BIock*Entry(Year) 102 1-39 
Date 7 7108.48 107.43 O.OOOl 
Year*Date 7 66.17 25.45 O.OOOl 
Block*Date(Year) 42 2.6 
Entry*Date 119 13.04 7.76 O.OOOl 
Year*Entry'*Date 119 1.68 1.26 0.0441 
Error 714 1.34 
t no pooling; R" = 0.98; CV = 6.7. • 
r 
I 
t J 
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Table A 1.28. Analysis of variance for reproductive stage of development observed in 1994 
using the complete analysist of variance components. 
Source DF Mean Square F Value P r > F  
Block J 0.5 
Entrv 17 20.0 127.34 0.0001 
Error a 51 0.2 
Date 7 139.9 463.39 0.0001 
Error b Ig 0.3 
Entrv*Date 65 0.5 3.76 0.0001 
Error c 179 0.14 
t no pooling: R" = 0.98; CV = 8.3. 
Table A1.29. Analysis of variance for reproductive stage of development observed in 1995 
using the complete analysist of variance components. 
Source DF Mean Square F Value P r > F  
Block 3 0.23 
Entrv 18 17.9 162.73 0.0001 
Error a 54 0.11 
Date 6 183.23 704.73 0.0001 
Error b 18 0.26 
Entry* Date 73 0.67 4.41 0.0001 
Error c 212 0.15 
t no pooling; R~ = 0.98: CV = 9.6. 
Table Al .30. Analysis of variance for reproductive stage of development, combined 1994 and 
1995, using the complete analysist of variance components. 
Source DF Mean Square F Value P r > F  
Year I 22.55 68.73 0.0001 
Block(Year) 6 0.33 
Entrj- 17 34.56 192.63 0.0001 
Year*Entry 16 0.18 1.29 0.2206 
Block*Entry(Year) 99 0.14 
Date 7 258.68 104.69 0.0001 
Year*Date 6 2.47 8.18 0.0001 
Block*Date(Year) 36 0.3 
Entr>'*Date 65 0.81 2.61 0.0001 
Year*Entry*Date 62 0.31 2.04 0.0001 
Error 359 0.15 
t no pooling; R" = 0.98; CV = 9.0. 
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Table A2.1. Leaf dry weight of soybean entries planted in 1994 
Day after planting 
ULU y 
46 60 74 88 102 116 130 144 
•2 
Kenwood 65 120 170 187 131 69 1 
PeUa 86 76 142 137 192 153 136 2 
Sherman 57 126 165 207 172 192 10 
Hutcheson 39 114 164 216 257 291 205 215 
OR 5-12-l(T) 68 131 152 234 224 251 221 187 
PA 10-1-2 66 116 152 277 256 278 129 7 
PA 5-2-1 59 120 174 202 200 217 129 5 
PABu2-2 67 192 211 260 294 230 148 49 
OR 13-12-1 77 158 142 207 231 251 233 209 
OR 13-12-2 70 148 154 255 241 350 230 168 
OR 13-12-3 69 174 150 279 209 262 272 213 
OR 13-12-5 60 133 142 279 232 256 217 168 
OR 14-11-2 77 145 135 222 213 242 184 141 
OR 14-13-2 67 134 136 243 162 291 216 192 
OR 14-13-4 54 140 125 213 236 263 233 201 
OR 19-12-2 70 138 139 209 234 307 278 174 
OR 25-11-1 73 128 145 229 269 324 299 147 
Biloxi 34 99 137 180 253 241 202 225 
LSDO.05 10.8 18.2 30.3 44.4 52.7 73.2 89 57.7 
135 
215 
187 
53 
58 
31 
109 
209 
129 
166 
168 
149 
164 
145 
139 
147 
131 
)5.4 
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Table A2.2. Leaf dry weight of soybean entries planted in 1995 
Day after planting 
Entry 
36 50 64 79 93 107 
g m 
Kenwood 21 42 137 215 155 116 
PeUa 86 76 143 138 193 153 137 
Sherman 32 71 134 182 184 139 
Flyer 26 61 115 191 176 146 
Hutcheson 39 114 164 216 257 291 
OR 5-12-1(1) 68 131 152 234 224 251 
PA 10-1-2 24 49 124 196 266 282 
PA 15-12-5-2 27 51 126 165 159 220 
PA 5-2-1 25 59 164 181 236 246 
PABu2-2 27 69 163 234 270 286 
OR 13-12-1 77 158 142 207 231 251 
OR 13-12-2 21 58 142 197 233 246 
OR 13-12-3 22 72 123 172 218 303 
OR 13-12-5 60 133 142 279 232 256 
OR 14-11-2 20 59 144 167 182 190 
OR 14-13-2 27 61 152 172 212 241 
OR 14-13-4 26 59 132 184 210 242 
OR 19-12-2 24 61 131 166 176 311 
OR 25-11-1 73 128 145 229 269 324 
Biloxi 21 51 95 121 133 224 
LSDO.05 17.4 40.5 54.8 57.3 65.7 83.9 
Table A2.3. Stem dry weight of soybean entries planted in 1994 
Day after planting 
46 60 74 88 102 116 130 144 
2 
Kenwood 40.6 112 223 254 226 220 211 192 
PeUa 86 43.7 134 179 287 282 302 275 240 
Sherman 30.4 96 191 275 282 348 236 184 
Hutcheson 17.6 84 173 283 451 576 458 532 
OR 5-l2-l(T) 46.5 150 258 394 531 662 581 758 
PA 10-1-2 42.6 119 234 422 554 647 461 360 
PA 5-2-1 33.9 99 224 319 437 536 449 344 
PABu2-2 39.4 185 286 377 622 515 439 387 
OR 13-12-1 44.6 152 185 319 458 587 686 670 
OR 13-12-2 39.6 137 213 385 551 790 729 630 
OR 13-12-3 40.6 166 219 435 436 615 818 756 
OR 13-12-5 36.8 123 195 424 519 590 671 581 
OR 14-11-2 44.3 136 181 318 453 593 584 529 
OR 14-13-2 34.0 111 175 374 336 618 615 621 
OR 14-13-4 26.4 114 162 340 488 618 623 652 
OR 19-12-2 38.2 127 180 330 459 653 730 545 
OR 25-11-1 45.7 119 211 354 547 720 807 507 
Biloxi 14.3 66 125 218 439 458 475 539 
LSDO.05 6.03 15.3 37.5 64.9 90 144.1 165.3 152.1 
135 
143 
163 
149 
158 
405 
676 
560 
523 
453 
675 
556 
524 
602 
544 
606 
557 
542 
500 
828 
400 
187.8 
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Table A2.4. Stem dry weight of soybean entries planted in 1995 
Day after planting 
Entry 
36 50 64 79 93 107 
gm'^ 
Kenwood 14.4 28 151 297 229 232 
Pella 86 17.1 34 160 229 212 267 
Sherman 16.8 48 136 252 295 256 
Flyer 14.2 47 125 306 309 309 
Hutcheson 12.6 30 127 269 325 458 
OR 5-12-l(T) 15.8 55 197 317 463 675 
PA 10-1-2 15.8 40 149 329 534 672 
PA 15-12-5-2 20.1 41 163 318 371 596 
PA 5-2-1 14.8 44 170 289 442 584 
PABu2-2 18.8 52 195 330 521 650 
OR 13-12-1 16.9 44 166 278 291 601 
OR 13-12-2 13.1 42 173 317 429 590 
OR 13-12-3 13.5 54 140 275 381 708 
OR 13-12-5 15.6 42 133 299 377 471 
OR 14-11-2 10.9 44 174 278 326 487 
OR 14-13-2 17.2 41 158 262 373 552 
OR 14-13-4 14.0 39 138 278 393 572 
OR 19-12-2 12.3 47 146 272 300 607 
OR 25-11-1 15.0 43 121 293 455 711 
Biloxi 11.7 29 76 147 180 379 
LSDO.05 12.1 46.9 68.9 91.8 146.6 155.6 
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Table A2.5. Pod dry weight of soybean entries planted in 1994 
Day after planting 
Entry 
46 60 74 88 102 116 130 144 
« ^-2 g m 
Kenwood 40 146 278 446 601 566 
PeUa 86 27 131 263 471 723 645 
Sherman 14 79 241 547 621 517 
Hutcheson 178 394 
OR5-12-l(T) 6 44 78 269 303 
PA 10-1-2 63 233 372 441 
PA 5-2-1 6 68 243 393 457 
PABu2-2 6 76 248 398 454 
OR 13-12-1 38 160 303 
OR 13-12-2 29 200 282 
OR 13-12-3 18 158 366 
OR 13-12-5 33 198 302 
OR 14-11-2 21 95 190 
OR 14-13-2 26 125 253 
OR 14-13-4 25 121 260 
OR 19-12-2 28 174 238 
OR 25-11-1 26 192 232 
Biloxi 
LSDo.os 6 30 41 58 299 144 
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Table A2.6. Pod dry weight of soybean entries planted in 1995 
^ Day after planting 
Entry L r 
36 50 64 79 93 107 121 135 
gm*^ 
Kenwood 7 86 215 469 497 500 
PeUa 86 4 42 132 371 387 460 
Sherman 29 153 379 489 494 
Flyer 17 112 327 481 425 
Hutcheson 11 88 210 286 
OR 5-l2-l(T) 5 10 78 222 340 
PA 10-1-2 21 164 295 528 
PA 15-12-5-2 7 71 217 269 
PA 5-2-1 4 24 188 302 426 
PA Bu2-2 27 10 182 310 552 
OR 13-12-1 5 45 125 212 
OR 13-12-2 6 63 146 141 
OR 13-12-3 33 119 136 
OR 13-12-5 7 50 566 237 
OR 14-11-2 7 30 96 179 
OR 14-13-2 7 36 130 175 
OR 14-13-4 9 36 113 177 
OR 19-12-2 6 48 116 193 
OR 25-11-1 19 79 191 
Biloxi 
LSDO.05 35 61.9 76.7 132.5 144.7 
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Table A2.7. Plant height of soybean entries planted in 1994 
Day after planting 
46 60 74 88 102 116 130 144 
can 
Kenwood 32 51 82 93 99 98 99 100 
Pella 86 32 52 71 94 99 97 98 97 
Sherman 27 39 68 89 95 95 96 94 
Hutcheson 21 37 60 79 98 106 111 108 
0R5-12-1(T) 39 73 106 141 184 200 202 195 
PA 10-1-2 37 63 103 134 193 197 216 214 
PA 5-2-1 32 50 91 128 171 173 167 171 
PA Bu2-2 39 72 107 164 203 196 211 209 
OR 13-12-1 36 62 96 125 156 185 195 196 
OR 13-12-2 34 63 93 118 151 179 190 198 
OR 13-12-3 38 65 100 127 163 176 192 197 
OR 13-12-5 35 59 89 120 157 193 184 199 
OR 14-11-2 35 60 87 119 149 201 193 199 
OR 14-13-2 32 56 87 120 149 180 193 191 
OR 14-13-4 28 55 82 117 148 184 183 191 
OR 19-12-2 33 58 92 126 163 195 197 206 
OR 25-11-1 36 61 93 120 162 183 197 188 
Biloxi 27 45 63 80 98 114 127 133 
LSDo.os '> J 5 7 8 11 17 19 18 
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Table A2.8. Plant height of soybean entries planted in 1995 
^ Day after planting 
Entry 
36 50 64 79 93 107 121 135 
cm 
Kenwood 18 28 55 90 93 96 97 96 
Pella 86 18 29 51 78 97 100 96 100 
Sherman 17 28 51 85 95 107 98 103 
Flyer 17 30 46 78 102 104 103 104 
Hutcheson 15 24 44 73 99 108 111 106 
OR 5-I2-l(T) 19 35 75 118 168 200 214 208 
PA 10-1-2 16 34 66 111 161 190 200 193 
PA 15-12-5-2 15 30 63 106 156 183 192 193 
PA 5-2-1 15 33 62 109 155 178 182 169 
PABu2-2 18 36 76 126 185 202 205 199 
OR 13-12-1 17 32 65 102 140 175 183 174 
OR 13-12-2 16 32 69 106 138 174 185 188 
OR 13-12-3 17 37 70 102 142 165 190 180 
OR 13-12-5 18 31 63 100 137 174 178 176 
OR 14-11-2 15 33 67 102 143 193 197 189 
OR 14-13-2 16 32 61 104 142 185 195 183 
OR 14-13-4 17 31 60 102 145 185 198 188 
OR 19-12-2 15 32 63 106 145 183 201 186 
OR 25-11-1 18 36 59 97 134 174 183 179 
Biloxi 18 28 44 63 84 110 124 116 
LSDO.05 4.7 7 10.1 8.8 13.3 17.6 16 17.7 
Table A2,9. Node number per plant of soybean entries planted in 1994 
Day after planting 
Entry 
46 60 74 88 102 116 130 144 
no. 
Kenwood 7.50 10.75 16.25 17.25 19.00 18.25 19.00 20.00 
PeUa 86 7.75 10.50 14.75 18.25 19.00 19.75 20.75 19.50 
Sherman 6.8 9.8 14.8 17.3 18.8 19.0 20.0 19.3 
Hutcheson 7.00 10.25 13.50 17.25 20.50 20.50 20.25 20.25 
OR 5-12-l(T) 7.50 10.50 15.50 18.75 22.75 25.00 24.50 25.00 
PA 10-1-2 7.0 10-8 15.5 20.3 25.8 25.8 26.3 25.5 
PA 5-2-1 7.25 9.25 16.00 18.00 22.25 23.50 24.00 21.75 
PABu2-2 8.00 10.25 15.50 18.75 22.50 21.50 24.25 23.50 
OR 13-12-1 7.50 10.50 13.50 16.50 21.25 23.50 25.75 26.00 
OR 13-12-2 7.00 10.75 14.75 17.25 20.75 24.00 26.00 23.50 
OR 13-12-3 8.00 11.00 15.25 18.00 20.25 23.75 24.25 25.50 
OR 13-12-5 7.00 11.25 14.00 17.25 21.50 22.75 24.00 24.25 
OR 14-11-2 7.50 10.75 14.50 17.50 22.00 23.50 23.50 24.25 
OR 14-13-2 7.25 10.75 14.00 18.75 21.25 25.50 27.00 26.00 
OR 14-13-4 7.25 10.75 14.00 18.00 22.25 25.00 25.25 26.25 
OR 19-12-2 7.50 11.00 15.00 18.00 20.75 24.00 25.50 24.75 
OR 25-11-1 7.50 11.50 16.25 19.50 23.75 25.50 26.50 24.75 
Biloxi 7.00 10.25 14.75 17.00 2L00 23.75 26.00 28.50 
LSDo.os 0.9 l.O 10.6 1.6 1.7 2.1 1.9 2.1 
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Table A2.10. Node number per plant of soybean entries planted in 1995 
Day after planting 
36 50 64 79 93 107 121 135 
no. 
Kenwood 4.8 7.3 12.5 17.3 19.3 19.3 19.3 20.3 
Pella 86 4.0 7.8 12.8 15.5 17.0 19.0 19.0 19.3 
Sherman 4.5 7.5 12.0 15.5 18.0 18.5 19.0 19.0 
Flyer 4.0 7.8 12.0 17.0 19.0 20.5 20.5 20.3 
Hutcheson 4.5 7.0 11.5 15.3 19.0 18.3 19.3 22.0 
OR 5-12-l(T) 4.5 8.3 13.3 17.0 22.5 25.5 26.0 26.8 
PA 10-1-2 3.8 7.8 13.0 17.8 23.5 27.0 25.8 26.8 
PA 15-12-5-2 4.5 9.3 13.3 16.3 21.5 24.8 24-8 24.5 
PA 5-2-1 4.3 7.5 12.8 17.3 21.8 24.8 25.0 24.3 
PABu2-2 4.0 8.0 13.8 17.3 21.3 24.0 23.3 25.0 
OR 13-12-1 4.0 7.5 12.3 16.0 19.5 24.0 25.0 25.0 
OR 13-12-2 3.5 8.0 12.3 16.0 19.8 23.0 25-0 24.5 
OR 13-12-3 4.8 7.8 12.0 16.0 19.3 24.3 25.0 24.3 
OR 13-12-5 4.0 7.8 12.0 15.0 19.3 22.8 24.0 23.5 
OR 14-11-2 4.0 8.3 12.5 16.0 19.5 23.3 25.5 24.5 
OR 14-13-2 4.3 7.8 13.3 17.3 21.3 26.0 27.0 26.5 
OR 14-13-4 4.5 8.3 12.3 16.5 21.3 25.0 26.8 25.8 
OR 19-12-2 4.5 8.0 11.8 15.5 19.0 24.0 25.0 24.5 
OR 25-11-1 4.3 9.0 12.0 17.5 21.3 25.5 26.5 27.5 
Biloxi 4.5 7.5 12.0 14.5 18.5 23.3 25.3 24.0 
LSDQ.OS 0.92 1.53 1.45 1.57 1.72 1.82 2.22 1.7 
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Table A2.11. Reproductive stage of development (R stage) of soybean entries planted in 
1994 
^ ^ Day after planting 
46 60 74 88 102 116 130 144 
index 
Kenwood 1.0 2.0 3.8 4.3 6.0 6.0 8.0 8.0 
PeUa 86 2.0 3.0 4.3 5.8 6.0 8.0 8.0 
Sherman 3.0 4.0 5.3 6.0 7.8 8.0 
Hutcheson 1.5 2.5 4.0 6.0 6.0 
OR 5-12-I(T) 2.3 2.3 3.0 3.8 5.8 6.0 
PA 10-1-2 1.0 2.3 2.3 3.5 5.3 6.0 7.0 
PA 5-2-1 2.3 2.3 3.8 5.3 6.0 7.3 
PA Bu2-2 2.3 2.0 3.5 5.0 6.0 6.8 
OR 13-12-1 2.3 3.5 5.8 6.0 
OR 13-12-2 1.5 2.0 3.5 5.8 6.0 
OR 13-12-3 2.0 3.5 6.0 6.0 
OR 13-12-5 2.0 3.8 5.8 6.0 
OR 14-11-2 2.0 3.8 5.3 6.0 
OR 14-13-2 2.0 3.5 5.8 6.0 
OR 14-13-4 2.3 J.J  6.0 6.0 
OR 19-12-2 2.0 3.5 5.8 6.0 
OR 25-11-1 2.0 3.5 5.8 6.0 
Biloxi 2.0 
LSDo.os 0.6 0.5 0.3 0.6 0.7 0.6 0.4 
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Table A2.12. Reproductive stage of development (R stage) of soybean entries planted in 
1995 
Day after planting 
36 50 64 79 93 107 121 135 
index 
Kenwood 0.9 2.0 4.0 5.0 6.0 8.0 8.0 
Pella 86 0.7 2.0 4.0 4.8 6.0 7.0 8.0 
Sherman 0.6 2.0 3.8 5.0 6.0 6.5 8.0 
Flyer 0.4 2.0 3.0 5.0 6.0 6.0 8.0 
Hutcheson 2.3 4.3 5.5 6.0 
OR 5-12-l(T) 1.5 2.0 2.3 4.0 5.0 5.5 
PA 10-1-2 1.8 2.0 3.0 5.0 5.5 6.3 
PA 15-12-5-2 1.5 2.0 2.5 3.8 5.0 5.3 
PA 5-2-1 2.0 2.0 3.0 4.8 4.8 6.8 
PA Bu2-2 2.0 2.0 2.5 4.5 5.0 5.8 
OR 13-12-1 1.8 3.3 5.0 5.0 
OR 13-12-2 2.0 4.0 4.8 5.0 
OR 13-12-3 2.0 4.5 5.0 
OR 13-12-5 1.8 3.8 5.0 5.3 
OR 14-11-2 2.0 3.8 5.0 5.0 
OR 14-13-2 2.0 3.5 5.3 5.0 
OR 14-13-4 2.0 3.8 5.0 5.0 
OR 19-12-2 1.8 3.0 4.5 5.3 
OR 25-11-1 2.0 J.J 4.5 5.0 
Biloxi 
LSDo.os 0.54 0.9 0.59 0.68 0.51 0.23 
Table A2.13. Leaf Area Index of soybean entries planted in 1994 
Day after planting 
46 60 74 88 102 116 130 144 
index 
Kenwood 1.48 3.24 5.52 4.14 3.04 1.70 
Pella 86 1.85 4.19 5.09 5.09 4.02 4.70 0.09 
Sherman 1.60 3.36 5-56 5.34 4.48 5-08 0-36 
Hutcheson 0-81 2.92 5.78 6.72 7.85 8.04 5-22 5.90 
OR 5-12-l(T) 1.58 3-56 4-87 5.31 5.54 6.36 3-71 4.05 
PA 10-1-2 1.56 3.16 4.90 6.17 6.95 6.64 3.58 0.25 
PA 5-2-1 1.38 3.28 5.82 5-64 6.16 5.78 3.54 0.37 
PABu2-2 1.56 5.03 6.60 6-11 8.21 5.53 3.83 1.28 
OR 13-12-1 1-67 4.18 4.46 4-99 6.04 6-24 5.39 4.61 
OR 13-12-2 1-46 3.56 4.79 5.97 6-73 7.92 5.33 4.32 
OR 13-12-3 1-49 4.27 4.55 7.22 5.41 5.95 6.31 5.36 
OR 13-12-5 1.38 3.37 4.48 6.99 5.89 6.85 5.10 3.85 
OR 14-11-2 1.69 3.58 4.17 5.52 5.54 6.13 4.76 3.36 
OR 14-13-2 1.38 3.38 4.48 6.14 4.27 6.78 4.89 4.14 
OR 14-13-4 1.14 3.35 4.13 5.50 6.15 6.50 6.85 4.67 
OR 19-12-2 1.53 3.56 4.17 4.80 5.45 6.56 3.92 3.85 
OR 25-11-1 1.65 3.27 4.62 5.57 7.23 7.81 7.20 3.61 
Biloxi 0.55 1.96 3.92 4.12 8.33 8.06 6.52 6.40 
LSDO.05 0.18 1.58 0.91 1.14 1.47 1.57 1.89 1.55 
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Table A2.14. Leaf Area Index of soybean entries planted in 1995 
^ Day after planting Entry 1 Z 
36 50 64 79 93 107 121 135 
index 
Kenwood 0.36 0.98 3.75 5.71 3.66 2.54 
Pella 86 0.62 1.33 4.25 5.24 3.94 3.25 0.11 
Sherman 0.56 1.82 4.04 5.63 5.04 3.23 0.30 
Flyer 0.45 1.51 3.22 5.82 4.83 3.64 1.77 
Hutcheson 0.38 1.14 3.83 6.16 6.44 5.80 5.38 2.27 
OR 5-l2-l(T) 0.38 1.71 4.44 5.62 6.14 7.06 5.56 2.86 
PA 10-1-2 0.44 1.23 3.58 6.10 7.39 6.54 4.57 1.08 
PA 15-12-5-2 0.50 1.42 3.85 5.64 4.89 5.78 4.37 1.52 
PA 5-2-1 0.44 1.52 4.69 5.88 7.30 5.82 4.37 0.69 
PA Bu2-2 0-50 1.76 5.02 6.21 8.07 7.03 5.85 2.69 
OR 13-12-1 0.43 1.53 3.97 5.39 4.12 5.91 4.49 2.61 
OR 13-12-2 0.37 1.45 4.05 5.61 5.93 5.60 4.96 2.70 
OR 13-12-3 0.38 1.82 3.25 5.00 5.37 7.36 5.74 3.52 
OR 13-12-5 0.45 1.38 2.82 5.17 5.01 4.60 4.64 2.76 
OR 14-11-2 0.35 1.50 3.99 5.09 4.92 4.55 3.97 3.16 
OR 14-13-2 0.45 1.53 4.17 4.94 5.59 5.78 5.69 3.64 
OR 14-13-4 0.42 1.64 3.71 5.54 5.73 5.63 5.42 3.08 
OR 19-12-2 0.51 1.56 3.53 4.45 4.39 6.40 5.21 2.67 
OR 25-11-1 0.48 1.31 2.75 5.38 6.16 8.30 7.10 5.91 
Biloxi 0.35 3.26 1.79 3.24 4.62 7.00 6.50 3.04 
LSDO.05 0.42 1.08 1.44 1.46 1.86 1.94 2.79 2.02 
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Table A2.15. Leaf-to-stem ratio of soybean entries planted in 1994 
Day after planting 
46 60 74 88 102 116 130 144 
index 
Kenwood 1.61 1.08 0.76 0.74 0.58 0.31 0.00 0.00 
Pella 86 1.78 1.08 0-77 0.67 0.55 0.45 0.01 0.00 
Sherman 1.92 1.34 0.87 0.76 0.61 0.54 0-04 0.00 
Hutcheson 2.23 1.42 0-95 0.76 0.57 0.50 0-45 0.40 
OR 5-12-1(1) 1.46 0.88 0.59 0.59 0.42 0.38 0-38 0.25 
PA 10-1-2 1.56 0.99 0.65 0.66 0.46 0.42 0.27 0.02 
PA 5-2-1 1.83 1.23 0-77 0.64 0.46 0.40 0.29 0.01 
PA Bu2-2 1.70 1.05 0-73 0.69 0.47 0.45 0.32 0.13 
OR 13-12-1 1.73 1.06 0-77 0.65 0.50 0.43 0.34 0.30 
OR 13-12-2 1.79 1-09 0-72 0.68 0.45 0.45 0.32 0.27 
OR 13-12-3 1.71 1.07 0.68 0.64 0.48 0.41 0.33 0.28 
OR 13-12-5 1.66 1.11 0-72 0.66 0.45 0.43 0.32 0.28 
OR 14-11-2 1.74 1.07 0.75 0.74 0.47 0.41 0.31 0.27 
OR 14-13-2 1.99 1.22 0-78 0.65 0.49 0.47 0.35 0.31 
OR 14-13-4 2.06 1.23 0.87 0.62 0.49 0.43 0.38 0.31 
OR 19-12-2 1.85 1.11 0.77 0.64 0.51 0.47 0.37 0.31 
OR 25-11-1 1.61 1.07 0.69 0.65 0.49 0.44 0.36 0.28 
Biloxi 2.39 1.49 1.10 0.83 0.58 0.53 0.43 0.41 
LSDO.05 0.68 0.15 0.08 0.07 0.10 0.09 0.06 0.07 
95 
Table A2.16. Leaf-to-stem ratio of soybean entries planted in 1995 
Day after planting 
36 50 64 79 93 107 121 135 
index 
Kenwood 1.57 1.49 0.91 0.73 0.71 0.51 0.02 
Pella 86 2.13 1.52 0-91 0.73 0.63 0.52 0.05 
Sherman 1.98 L48 0-99 0-73 0.64 0.54 0.07 
Flyer 1.76 1.34 0-94 0-62 0.57 0.47 0.25 
Hutcheson 1.84 1-50 1-02 0-69 0.59 0-50 0.48 0.23 
OR5-12-I(T) I-43 1.21 0-80 0-59 0.47 0.41 0-34 0.12 
PA 10-1-2 1.59 1-23 0-83 0-59 0.50 0.42 0.34 0.09 
PA 15-12-5-2 1.78 1-24 0-80 0.52 0.43 0-36 0.29 O.ll 
PA 5-2-1 1.75 1-35 0-96 0-63 0.54 0.43 0.36 0.07 
PABu2-2 1.68 1.36 0-83 0-71 0-52 0.44 0-35 0.16 
OR 13-12-1 1.52 1.37 0-89 0.68 0.53 0.46 0.38 0.23 
OR 13-12-2 1.65 1.38 0-82 0.62 0.54 0.42 0.39 0.25 
OR 13-12-3 1.69 1.33 0-88 0.63 0.57 0.43 0.38 0.27 
OR 13-12-5 1.47 1.29 0.84 0.61 0.51 0.43 0.38 0.24 
OR 14-11-2 1.96 1.34 0.83 0.61 0.57 0.39 0.31 0.25 
OR 14-13-2 1.68 1.53 0-98 0.66 0.57 0.44 0.40 0.30 
OR 14-13-4 2.02 1.55 0.95 0.66 0.53 0.42 0.38 0.26 
OR 19-12-2 2.17 1.32 0.90 0.61 0.59 0-51 0.41 0.28 
OR 25-11-1 1.69 1.23 0-88 0.65 0.50 0-46 0.39 0.33 
Biloxi 1.75 1.73 1-24 0.83 0.77 0.60 0.52 0.34 
LSDO.05 0.18 0.14 O.I O.l 0.06 0.07 O.l 0.07 
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Table A2.17. Leaf-plus-pod-to-stem ratio of soybean entries planted in 1994 
Day after planting 
46 60 74 88 102 116 130 144 
index 
Kenwood 1.61 1.08 0.94 1.32 1.82 2.35 2.84 2.97 
Pella 86 1.78 1.08 0.92 1.13 1.47 2.01 2.63 2.70 
Sherman 1.92 1.34 0.94 1.04 1.47 2.10 2.67 2.88 
Hutcheson 2.23 1.42 0.95 0.76 0.57 0.60 0.84 1.13 
OR 5-12-l(T) 1.46 0.88 0.59 0.61 0.51 0.50 0.86 0.65 
PA 10-1-2 1.56 0.99 0.65 0.67 0.57 0.78 1.06 1.22 
PA 5-2-1 1.83 1.23 0.77 0.65 0.61 0.85 1.16 1.34 
PABu2-2 1.70 1.05 0.73 0.71 0.58 0.93 1.21 1.30 
OR 13-12-1 1.73 1.06 0.77 0.65 0.50 0.49 0.56 0.74 
OR 13-12-2 1.79 1.09 0.72 0.68 0.45 0.49 0.59 0.71 
OR 13-12-3 1.71 1.07 0.68 0.64 0.48 0.44 0.52 0.76 
OR 13-12-5 1.66 1.11 0.72 0.66 0.45 0.49 0.59 0.80 
OR 14-11-2 1.74 1.07 0.75 0.74 0.47 0.44 0.47 0.62 
OR 14-13-2 1.99 1.22 0.78 0.65 0.52 0.51 0.55 0.71 
OR 14-13-4 2.06 1.23 0.87 0.62 0.49 0.47 0.57 0.70 
OR 19-12-2 1.85 1.11 0.77 0.64 0.51 0.51 0.61 0.73 
OR 25-11-1 1.61 1.07 0.69 0.65 0.49 0.48 0.59 0.73 
Biloxi 2.39 1.49 1.10 0.83 0.58 0.53 0.43 0.41 
LSDO.05 0.68 0.15 0.09 0.10 0.23 0.25 0.60 0.50 
Table A2.18. Leaf-plus-pod-to-stem ratio of soybean entries planted in 1995 
^ Day after planting 
Entry 
36 50 64 79 93 107 121 135 
index 
Kenwood 1-57 1.49 0.94 0.96 1.72 2.55 3.53 3.60 
Pella 86 2.13 1.52 0.92 0.91 1.24 1.93 3.11 2.99 
Sherman 1.98 1.48 0.99 0.84 1.18 2.03 3.02 3.49 
Flyer 1.76 1.34 0.94 0.68 0.93 1.53 1.99 2.80 
Hutcheson 1.84 1.50 1.02 0.69 0.61 0.69 0.93 0.92 
OR 5-12-l(T) 1.43 1.21 0.80 0.59 0.49 0.54 0.64 0.65 
PA 10-1-2 1.59 1.23 0.83 0.59 0.54 0.67 0.86 1.06 
PA 15-12-5-2 1.78 1.24 0.80 0.53 0.45 0.48 0.62 0.62 
PA 5-2-1 1.75 1.35 0.96 0.64 0.59 0.75 0.96 1.00 
PA Bu2-2 1.68 1.36 0.83 0.76 0.54 0.74 0.81 0.95 
OR 13-12-1 1.52 1.37 0.89 0.68 0.54 0.53 0.61 
OR 13-12-2 1.65 1.38 0.82 0.62 0.56 0.53 0.63 0.52 
OR 13-12-3 1.69 1.33 0.88 0.63 0.57 0.48 0.55 0.50 
OR 13-12-5 1.47 1.29 0.84 0.61 0.53 0.53 1.26 
OR 14-11-2 1.96 1.34 0.83 0.61 0.58 0.45 0.49 0.54 
OR 14-13-2 1.68 1.53 0.98 0.66 0.58 0.50 0.59 0.61 
OR 14-13-4 2.02 1.55 0.95 0.66 0.55 0.48 0.57 0.59 
OR 19-12-2 2.17 1.32 0.90 0.61 0.60 0.58 0.60 0.69 
OR 25-11-1 1.69 1.23 0.88 0.65 0.50 0.48 0.49 0.56 
Biloxi 1.75 1.73 1.24 0.83 1.11 0.60 0.52 0.34 
LSDO.05 0.18 0.14 0.1 0.1 0.1 0.13 0.2 0.29 
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Table A2.19. Total herbage in vitro dry matter digestibility of soybean entries planted in 1994 
Day after planting 
&liuy 
46 60 74 88 102 116 130 144 
1 
s *^5 
Kenwood 686 637 609 640 637 663 675 664 
PeUa 86 689 641 612 624 621 657 663 655 
Sherman 702 674 633 644 649 668 674 679 
Flyer - - - - - - - -
Hutcheson 703 666 625 608 596 595 598 609 
OR 5-12-l(T) 687 614 571 573 558 558 552 537 
PA 10-1-2 694 637 589 592 589 598 592 614 
PA 15-12-5-2 - - - - - - - -
PA 5-2-1 703 649 593 571 571 580 557 596 
PA Bu2-2 698 634 595 581 574 618 597 626 
OR 13-12-1 700 637 599 578 568 563 505 575 
OR 13-12-2 697 630 581 582 556 555 507 553 
OR 13-12-3 692 633 577 558 550 539 523 554 
OR 13-12-5 694 637 591 572 553 538 538 567 
OR 14-11-2 681 615 576 559 545 520 510 535 
OR 14-13-2 702 644 590 558 566 550 537 564 
OR 14-13-4 699 638 590 552 545 536 528 533 
OR 19-12-2 701 636 594 561 547 551 532 556 
OR 25-11-1 684 629 584 569 554 557 560 565 
Biloxi 712 660 624 606 586 582 536 552 
LSDO.05 13.2 17.2 20.0 17.5 19.9 19.2 43.5 27.0 
Table A2.20. Total herbage in vitro dry matter digestibility of soybean entries planted in 1995 
Day after planting 
36 50 64 79 93 107 121 135 
' • - S 
Kenwood 678 693 634 559 665 677 695 705 
PeUa 86 669 698 630 570 646 628 680 677 
Sherman 663 699 658 614 659 671 703 708 
Flyer 611 702 654 630 656 654 658 678 
Hutcheson 651 697 655 643 621 629 631 601 
OR 5-12-l(T) 675 686 624 599 573 571 565 532 
PA 10-1-2 620 691 637 613 594 626 624 612 
PA 15-12-5-2 596 696 635 614 587 606 600 576 
PA 5-2-1 662 691 634 609 580 611 592 577 
PA Bu2-2 616 697 634 602 587 631 603 599 
OR 13-12-1 625 699 636 614 567 580 582 563 
OR 13-12-2 697 696 630 607 582 577 548 545 
OR 13-12-3 594 676 621 608 493 560 569 535 
OR 13-12-5 700 683 614 597 561 560 600 544 
OR 14-11-2 590 680 611 578 561 544 542 521 
OR 14-13-2 655 706 632 598 568 563 572 543 
OR 14-13-4 678 703 628 605 570 559 569 534 
OR 19-12-2 637 695 636 617 583 580 565 553 
OR 25-11-1 656 676 629 621 584 569 572 565 
Biloxi 567 697 656 646 541 616 600 534 
LSDoos 123 12.7 15.2 26.5 70.0 21.0 38.3 23.3 
100 
Table A2.21. Total herbage neutral detergent fiber of soybean entries planted in 1994 
Day after planting 
46 60 74 88 102 116 130 144 
•I 
•' S Kg 
Kenwood 398 467 493 454 415 389 358 368 
PeUa 86 398 464 503 487 455 394 368 370 
Sherman 373 425 475 468 440 393 371 344 
Flyer 
Hutcheson 359 428 465 499 515 506 502 464 
OR5-12-l(T) 403 498 547 540 563 563 549 556 
PA 10-1-2 380 455 509 512 531 517 512 475 
PA 15-12-5-2 
PA 5-2-1 374 445 509 536 556 528 501 494 
PA Bu2-2 383 476 518 525 555 500 502 460 
OR 13-12-1 377 457 487 531 555 561 556 520 
OR 13-12-2 380 469 517 515 574 563 553 554 
OR 13-12-3 384 465 519 543 569 579 587 544 
OR 13-12-5 380 469 514 335 576 579 569 535 
OR 14-11-2 382 471 509 520 562 579 583 553 
OR 14-13-2 363 447 500 538 560 555 562 528 
OR 14-13-4 370 442 498 542 564 561 566 550 
OR 19-12-2 376 466 510 549 569 553 578 546 
OR 25-11-1 391 470 516 536 568 565 567 548 
Biloxi 342 440 473 504 549 554 596 569 
LSDO.03 20.4 20.8 22.7 22.2 18.4 24.1 37.0 34.0 
i 
lOI 
Table A2.22. Total herbage neutral detergent fiber (cell wall concentration) of soybean 
entries planted in 1995 
Day after planting 
uiLiy 
36 50 64 79 93 107 121 135 
• g Kg 
Kenwood 349 367 428 406 389 343 334 317 
Pella 86 345 372 448 429 435 377 335 346 
Sherman 351 363 417 411 428 353 324 317 
Flyer 300 367 416 439 424 480 363 348 
Hutcheson 371 359 408 458 462 454 444 483 
OR 5-12-l(T) 369 396 457 501 515 513 515 568 
PA 10-1-2 309 383 437 479 486 465 461 485 
PA 15-12-5-2 423 371 447 484 509 495 495 531 
PA 5-2-1 359 379 442 486 500 475 481 516 
PA Bu2-2 345 381 461 475 505 473 493 513 
OR 13-12-1 315 373 436 456 518 493 503 535 
OR 13-12-2 339 373 451 493 493 523 494 559 
OR 13-12-3 329 397 452 487 419 526 526 564 
OR 13-12-5 335 392 463 505 513 520 502 544 
OR 14-11-2 302 381 453 508 507 514 522 543 
OR 14-13-2 380 358 436 491 500 511 514 533 
OR 14-13-4 346 358 440 483 511 515 513 543 
OR 19-12-2 315 377 441 480 495 495 521 543 
OR 25-11-1 363 388 443 481 505 525 538 549 
Biloxi 232 355 408 461 424 487 521 590 
LSDO.05 83.1 17.2 17.5 22.7 79.5 27.8 27.8 33.1 
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Table A2.23. Total herbage cellulose concentration of soybean entries planted in 1994 
Day after planting 
46 60 74 88 102 116 130 144 
•I 
• • S Kg 
Kenwood 99.3 115 119 113 104 82 85 80 
Pella 86 99.3 111 116 107 112 84 89 80 
Sherman 84.8 111 106 99 111 88 91 73 
Flyer 
Hutcheson 88.8 106 100 102 108 99 127 97 
OR5-12-l(T) 94.3 110 110 94 103 106 116 99 
PA 10-1-2 69.3 95 89 89 104 109 109 93 
PA 15-12-5-2 
PA 5-2-1 88.3 109 107 100 119 116 116 107 
PA Bu2-2 90.3 112 109 103 119 114 116 90 
OR 13-12-1 88.5 104 88 98 109 113 120 97 
OR 13-12-2 94.3 111 99 92 120 109 114 115 
OR 13-12-3 89.8 117 95 103 109 118 124 103 
OR 13-12-5 85.6 127 107 105 121 114 119 107 
OR 14-11-2 89.3 118 105 93 117 114 111 109 
OR 14-13-2 87.5 111 98 96 119 117 122 110 
OR 14-13-4 94.5 104 99 103 114 102 117 10 
OR 19-12-2 91.5 114 107 104 110 95 121 117 
OR 25-11-1 82.3 113 100 94 113 116 127 110 
Biloxi 85.5 132 115 104 124 123 141 126 
LSDq.os 18.2 14.6 13.2 9.9 11.7 15.5 17.9 15.2 
{ 
{ t 
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Table A2.24. Total cellulose concentration of soybean entries planted in 1995 
Day after planting 
Entry 
36 50 64 79 93 107 121 135 
g kg"' 
Kenwood 75.0 62.0 76.5 91.0 87.5 66.0 76.0 70.0 
PeUa 86 58.8 61.8 76.3 98.0 97.3 73.5 66.8 78.0 
Sherman 59.8 56.3 60.5 85.0 89.8 63.0 65.3 73.0 
Flyer 59.8 60.3 73.0 97.0 85.0 75.8 64.8 77.0 
Hutcheson 83.8 53.8 61.3 93.0 80.5 80.3 81.0 100.0 
OR 5-12-l(T) 82.5 66.5 77.0 lOl.O 85.8 84.3 84.3 101.0 
PA 10-1-2 65.8 52.5 59.3 92.0 75.0 82.3 81.8 90.0 
PA 15-12-5-2 74.0 53.0 69.0 87.0 86.5 89.3 82.3 102-0 
PA 5-2-1 76.8 59.5 78.8 95.0 79.8 83.8 91.5 103.0 
PA Bu2-2 65.5 63.5 86.8 101.0 87.8 92.8 90.8 104.0 
OR 13-12-1 69.8 59.5 68.5 91.0 86.8 75.3 88.5 95.0 
OR 13-12-2 76.8 60.5 76.5 101.0 85.3 101.5 93.0 104.0 
OR 13-12-3 74.3 73.3 73.5 93.0 83.3 92.8 89.3 98.0 
OR 13-12-5 78.0 69.3 82.3 107.0 92.3 90.3 98.0 103.0 
OR 14-11-2 54.3 60.5 76.8 108.0 90.5 75.8 85.5 88.0 
OR 14-13-2 90.5 59.0 70.3 97.0 79.8 80.3 94.0 91.0 
OR 14-13-4 80.3 55.8 69.0 98.0 89.5 89.5 85.3 99.0 
OR 19-12-2 63.0 60.5 66.5 87.0 82.8 84.0 89.5 106.0 
OR 25-11-1 71.3 63.3 70.5 96.0 88.3 90.8 98.8 106.0 
Biloxi 53.5 66.3 72.8 96.0 80.0 82.8 94.8 123.0 
LSDO.05 25.0 14.6 11.9 13.5 16.9 13.2 11.3 16.0 
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Table A2.25. Total herbage hemicellulose concentration of soybean entries planted in 1994 
Day after planting 
ijiiuy 
46 60 74 88 102 116 130 144 
-I g Kg 
Kenwood 250 277 294 267 247 250 219 228 
PeUa 86 250 283 308 304 273 250 223 230 
Sherman 243 289 295 297 262 247 228 218 
Flyer 
Hutcheson 227 28 293 323 325 326 296 294 
OR 5-12-1(1) 256 311 350 358 370 367 345 365 
PA 10-1-2 268 294 340 341 345 327 327 311 
PA 15-12-5-2 
PA 5-2-1 239 268 322 349 349 328 307 310 
PA Bu2-2 245 290 325 338 347 308 310 300 
OR 13-12-1 243 284 322 349 359 358 348 340 
OR 13-12-2 238 286 337 340 361 365 353 351 
OR 13-12-3 247 278 341 352 367 367 367 353 
OR 13-12-5 247 268 326 347 363 371 359 343 
OR 14-11-2 242 276 319 341 350 367 374 350 
OR 14-13-2 230 266 319 353 351 345 346 329 
OR 14-13-4 230 267 317 350 355 362 355 346 
OR 19-12-2 240 279 322 350 366 367 364 339 
OR 25-11-1 258 285 334 357 360 355 348 350 
Biloxi 208 238 279 318 335 341 359 345 
LSDO.05 17.6 16.1 15.0 16.1 11.8 16.8 24.3 21.5 
f 
i ) 
! 
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Table A2.26. Total herbage hemicelluiose concentration of soybean entries planted in 1995 
Day after planting 
L^iiu y 
36 50 64 79 93 107 121 135 
I 
- • • g Kg 
Kenwood 230 254 288 245 239 224 210 203 
Pella 86 248 257 305 259 266 241 221 215 
Sherman 252 259 298 262 271 234 213 198 
Flyer 206 256 280 270 270 243 242 217 
Hutcheson 248 255 291 294 309 300 290 304 
OR 5-12-l(T) 243 275 313 318 343 343 342 371 
PA 10-1-2 233 281 318 311 331 307 303 318 
PA 15-12-5-2 309 269 315 322 343 326 331 344 
PA 5-2-1 240 266 298 310 338 310 308 328 
PA Bu2-2 242 260 304 296 332 303 320 325 
OR 13-12-1 210 263 306 307 345 328 349 
OR 13-12-2 225 260 310 310 325 315 358 
OR 13-12-3 221 270 310 315 263 343 345 367 
OR 13-12-5 217 266 312 316 335 339 319 348 
OR 14-11-2 216 265 306 314 330 345 342 356 
OR 14-13-2 250 250 303 314 334 343 327 346 
OR 14-13-4 231 250 305 305 334 334 335 344 
OR 19-12-2 222 268 311 317 329 323 341 343 
OR 25-11-1 250 268 305 308 334 345 347 347 
Biloxi 150 234 266 290 275 325 337 361 
LSDO.05 62.8 14.6 13.5 15.7 53.5 19.2 20.9 20.3 
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Table A2.27. Total herbage lignin concentration of soybean entries planted in 1994 
Day after plaadng 
46 60 74 88 102 116 130 144 
S kg"' 
Kenwood 49.8 74.0 80.8 73.5 65.0 56.3 54.0 60.3 
Pella 86 49.3 69.5 79.0 75.5 71.5 59.8 56.3 60.5 
Sherman 42.3 65.8 73.8 71.3 66.0 58.3 52.8 52.8 
Flyer 
Hutcheson 43.8 64.8 72.8 74.3 82.3 80.5 79.3 73.3 
OR 5-12-l(T) 52.3 77.3 86.8 88.5 90.3 91.0 88.0 91.3 
PA 10-1-2 42.0 67.0 80.3 82.5 82.8 81.3 76.5 72.0 
PA 15-12-5-2 
PA 5-2-1 46-5 68.3 80.5 86.5 89.3 84.0 78.5 76.3 
PABu2-2 48.8 75.0 83.5 83.0 89.0 78.5 76.3 70.0 
OR 13-12-1 46.0 69.3 75.8 84.3 87.0 90.3 88.3 83.5 
OR 13-12-2 47.0 72.8 81.3 83.0 92.8 89.5 86.8 88.5 
OR 13-12-3 48.0 70.5 82.3 88.5 92.8 95.5 96.8 87.5 
OR 13-12-5 47.0 74.5 80.0 82.5 91.8 93.8 90.5 85.5 
OR 14-11-2 51.0 77.0 84.3 86.5 96.0 98.8 98.8 94.3 
OR 14-13-2 45.0 70.0 82.0 88.8 90.3 92.8 94.5 89.0 
OR 14-13-4 46.5 71.3 82.0 89.8 95.5 97.0 95.5 94.3 
OR 19-12-2 44.3 72.5 81.0 86.8 93.0 90.8 93.8 89.3 
OR 25-11-1 50.5 72.5 82.5 85.5 94.5 94.0 92.5 88.3 
Biloxi 48.8 71.0 78.3 82.3 89.8 89.5 96.5 98.8 
LSDo.os 4.65 5.82 6.06 4.97 4.19 4.80 7.40 6.70 
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Table A2-28. Total herbage lignin concentration of soybean entries planted in 1995 
Day after planting 
36 50 64 79 93 107 121 135 
1 
• • g Kg 
Kenwood 43.8 51.0 64.5 69.5 62.8 53.3 49.0 44.8 
PeUa 86 38.0 52.8 66.3 71.3 70.8 62.5 47.8 53.5 
Sherman 38.8 48.5 58.5 65.5 67.3 55.8 45.3 45.5 
Flyer 33.8 51.0 63.5 72.0 68.3 61.5 57.3 54.3 
Hutcheson 39.3 50.5 56.3 70.5 72.5 73.0 72.3 79.3 
OR5-I2-l(T) 42-5 53.8 67.0 81.5 86.5 86.3 89.0 96.3 
PA 10-1-2 33.0 49.0 59.5 76.0 79.5 75.3 76.0 77.8 
PA 15-12-5-2 39.8 49.3 61.5 75.5 79.3 80.3 82.3 85.3 
PA 5-2-1 41.3 53.5 65.0 80.5 82.5 80.0 81.3 85.3 
PA Bu2-2 37.5 57.0 70.0 78.0 85.0 77.0 82.5 84.5 
OR 13-12-1 34.8 49.5 61.0 77.3 85.5 85.0 86.0 90.8 
OR 13-12-2 37.5 52.5 64.3 81.3 82.5 89.3 85.8 98.0 
OR 13-12-3 34.0 54.0 68.3 78.5 73.8 89.3 92.3 99.0 
OR 13-12-5 40.3 55.8 69.3 82.3 86.3 91.0 85.3 93.5 
OR 14-11-2 32.5 56.3 70.5 86.3 87.0 93.3 94.0 99.8 
OR 14-13-2 39.8 48.3 62.3 80.5 85.8 87.5 93.0 96.3 
OR 14-13-4 37.5 52.3 65.8 80.0 87.8 91.3 93.0 99.3 
OR 19-12-2 29.8 48.5 63.0 77.5 83.0 87.3 90.8 94.3 
OR 25-11-1 41.3 56.0 68.5 77.5 82.8 88.8 91.5 96.0 
Biloxi 28.8 55.3 68.3 75.0 68.8 78.8 89.3 106.0 
LSDO.05 10.5 4.3 4.8 4.1 13.5 5.0 6.6 6.3 
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Table A2.29. Total herbage crude protein concentration of soybean entries planted in 1994 
Day after planting Entry 
46 60 74 88 102 116 130 144 
g k g '  
Kenwood 248 216 201 207 217 220 248 238 
Pella 86 254 210 193 191 199 217 240 232 
Sherman 254 233 200 195 218 216 236 247 
Flyer - - - - - - - -
Hutcheson 260 229 195 177 171 169 190 183 
OR 5-12-l(T) 229 182 153 124 132 139 154 139 
PA 10-1-2 232 194 163 139 159 172 169 197 
PA 15-12-5-2 - - - - - - - -
PA 5-2-1 249 216 170 153 159 171 141 197 
PABu2-2 243 198 168 142 160 184 184 197 
OR 13-12-1 243 199 173 145 144 147 136 144 
OR 13-12-2 244 201 161 137 140 137 130 141 
OR 13-12-3 247 209 157 144 134 135 137 144 
OR 13-12-5 246 214 164 144 140 141 153 144 
OR 14-11-2 244 202 176 156 147 142 145 146 
OR 14-13-2 260 219 180 154 158 157 155 150 
OR 14-13-4 253 215 182 154 149 145 146 148 
OR 19-12-2 255 206 175 144 138 138 146 148 
OR 25-11-1 238 199 160 141 136 145 152 140 
Biloxi 240 234 200 160 158 156 149 144 
LSDO.05 12.4 14.3 11.6 12.5 9.9 114 20.2 12.9 
135 
264 
246 
263 
246 
185 
145 
178 
165 
171 
173 
161 
142 
138 
155 
145 
154 
154 
157 
145 
139 
13.0 
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Table A2.30. Total herbage protein concentration of soybean entries planted in 1995 
Day after planting 
36 50 64 79 93 107 121 
•gkg"^-
Entry 
Kenwood 
PeUa 86 
Sherman 
Flyer 
Hutcheson 
OR 5-12-l(T) 
PA 10-1-2 
PA 15-12-5-2 
PA 5-2-1 
PABu2-2 
OR 13-12-1 
OR 13-12-2 
OR 13-12-3 
OR 13-12-5 
OR 14-11-2 
OR 14-13-2 
OR 14-13-4 
OR 19-12-2 
OR 25-11-1 
Biloxi 
LSDO.05 37.7 12.9 12.1 9.7 20.1 10.7 18.0 
237 239 196 191 234 229 252 
239 236 186 181 216 213 243 
239 230 197 201 223 221 248 
221 238 217 202 217 220 216 
222 230 198 197 180 179 185 
221 212 171 167 147 141 144 
214 217 174 176 161 172 171 
199 225 179 171 149 159 157 
225 224 184 172 160 169 171 
209 223 182 173 157 182 174 
221 232 187 176 154 151 157 
234 225 177 167 149 149 132 
208 224 176 170 137 140 140 
228 221 177 168 151 147 168 
209 226 179 175 161 145 149 
226 240 192 182 160 155 155 
237 232 184 180 158 156 154 
233 224 183 174 158 150 149 
229 224 178 175 150 148 154 
186 230 200 187 154 169 163 
I 
I 
no 
Table A3.1. Leaf IVDMD, 1994 
Entiy Day after planting 
46 60 74 88 102 116 130 144 
0/ 
Kenwood 75.3 73.9 72.9 74.5 72.6 68.5 
PeUa 86 74.7 73.0 72.0 73.9 72.6 70.3 69.3 
Sherman 75.5 72.9 72.0 73.7 71.6 68.2 65.5 
Flyer 
Hutcheson 75.2 72.9 71.5 69.5 71.0 71.5 70.1 69.3 
OR5-12-l(T) 76.2 72.8 72.3 73.9 71.9 71.7 69.2 71.0 
PA 10-1-2 75.3 71.6 70.4 72.6 71.3 70.4 69.3 67.0 
PA 15-12-5-2 
PA 5-2-1 76.4 73.3 71.8 70.4 72.1 71.7 68.5 71.0 
PABu2-2 76.0 72.4 71.0 71.4 71.5 72.1 69.0 74.4 
OR 13-12-1 75.9 72.0 71.8 71.2 70.4 69.6 69.0 70.9 
OR 13-12-2 75.5 72.6 71.0 71.3 69.8 70.8 69.5 69.2 
OR 13-12-3 75.6 72-7 70.9 68.4 70.2 69.8 69.1 69.1 
OR 13-12-5 75.5 72.4 71.0 69.9 70.7 69.3 69.9 69.8 
OR 14-11-2 75.4 72.4 72.6 72.0 71.7 71.0 69.8 69.8 
OR 14-13-2 76.0 73.1 71.3 71.3 71.1 72.0 70.1 70.4 
OR 14-13-4 75.8 74.1 72.1 70.2 71.4 70.8 69.6 68.0 
OR 19-12-2 75.6 72.4 72.2 71.0 70.9 71.8 69.6 69.4 
OR 25-11-1 74.6 72.0 71.3 70.2 69.3 71.0 70.1 71.8 
Biloxi 75.5 71.8 71.5 70.9 68.9 70.0 68.7 69.4 
LSDo.os 132 1.51 1.83 2.52 1.27 1..58 2-30 2.59 
144 
302 
285 
361 
314 
241 
281 
315 
306 
297 
287 
278 
304 
295 
285 
314 
35.7 
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Table A3.2. Leaf NDF, 1994 
Entry Day after planting 
46 60 74 88 102 116 
g k g '  
Kenwood 298 322 313 279 289 310 
PeUa 86 306 320 326 289 295 285 
Sherman 284 322 329 294 311 316 
Flyer 
Hutcheson 282 328 322 343 316 301 
OR 5-12-l(T) 283 326 324 274 299 305 
PA 10-1-2 286 331 332 296 302 310 
PA 15-12-5-2 
PA 5-2-1 268 312 315 318 301 298 
PA Bu2-2 283 341 323 303 305 293 
OR 13-12-1 280 325 312 304 308 316 
OR 13-12-2 285 325 322 294 320 307 
OR 13-12-3 278 328 318 333 308 312 
OR 13-12-5 280 331 327 320 312 322 
OR 14-11-2 270 315 306 295 301 305 
OR 14-13-2 263 319 315 305 303 289 
OR 14-13-4 275 299 304 320 300 304 
OR 19-12-2 279 321 311 313 303 286 
OR 25-11-1 289 332 318 318 325 308 
Biloxi 270 338 314 305 328 323 
LSDo.os 22.3 19.7 22.1 29.0 15.0 22.7 
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Table A3.3. Leaf lignin, 1994 
Entry Day after planting 
46 60 74 88 102 116 130 144 
g Kg • • 
Kenwood 30.3 54.5 58.5 51.0 48.3 56.3 
PeUa 86 30.0 5L8 57.0 47.0 50.0 51.0 58.0 
Sherman 30.3 55.8 61.5 50.8 53.8 56.3 58.0 
Flyer 
Hutcheson 29.8 52.8 60.5 57.5 62.5 57.5 63.0 55.5 
OR5-12-l(T) 29.8 52.3 56.3 53.0 52.8 58.8 58.0 55.0 
PA 10-1-2 24.0 50.5 61.0 54.8 49.8 53.0 50.3 54.0 
PA 15-12-5-2 
PA 5-2-1 27.5 49.3 57.0 60.0 56.3 53.8 64.3 53.5 
PABu2-2 31.3 58.3 62.5 50.5 55.0 52.8 57.3 51.3 
OR 13-12-1 28.0 54.5 54.5 57.0 56.0 61.3 64.7 55.8 
OR 13-12-2 29.5 55.3 60.5 57.0 63.0 58.0 60.0 59.3 
OR 13-12-3 28.8 54.0 59.0 65.5 59.8 63.5 65.0 61.0 
OR 13-12-5 29.3 58.5 61.5 56.0 60.0 63.0 59.5 59.5 
OR 14-11-2 30.8 58.3 58.0 52.8 59.8 57.0 60.0 59.0 
OR 14-13-2 27.0 54.3 59.8 55.8 53.5 51.8 59.0 55.3 
OR 14-13-4 28.5 51.3 57.3 58.5 57.3 60.5 57.3 63.5 
OR 19-12-2 26.3 55.5 59.0 54.0 55.3 51.5 59.0 56.5 
OR 25-11-1 32.0 54.3 56.8 52.3 63.3 58.3 58.8 49.8 
Biloxi 38.8 59.8 62.8 62.0 72.0 70.0 72.3 74.5 
LSDO.05 5.71 8.31 8.96 8.46 6.23 7.48 8.16 6.85 
144 
92 
83 
96 
82 
76 
104 
102 
88 
97 
76 
90 
80 
88 
95 
110 
20.1 
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Table A3.4. Leaf cellulose, 1994 
Entry Day after planting 
46 60 74 88 102 116 
gkg*' 
Kenwood 102 121 116 97 105 94 
PeUa 86 102 107 108 88 102 88 
Sherman 82 120 120 91 121 108 
Flyer 
Hutcheson 88 117 111 115 115 107 
OR 5-l2-l(T) 85 100 103 79 88 102 
PA 10-1-2 75 109 100 91 87 97 
PA 15-12-5-2 
PA 5-2-1 81 111 105 95 98 98 
PABu2-2 93 128 101 90 105 103 
OR 13-12-1 88 110 103 95 100 105 
OR 13-12-2 91 113 102 87 101 96 
OR 13-12-3 81 121 101 113 97 98 
OR 13-12-5 79 138 109 102 105 105 
OR 14-11-2 83 118 110 91 114 105 
OR 14-13-2 80 118 102 95 96 98 
OR 14-13-4 86 107 97 107 104 102 
OR 19-12-2 86 116 106 98 93 84 
OR 25-11-1 78 115 102 86 111 108 
Biloxi 83 129 103 95 120 118 
LSDO.05 26.1 22.6 18.0 19.5 16.1 20.2 
I 
I 
i 
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Table A3.5. Leaf hemicellulose, 1994 
Entry Day after planting 
46 60 74 88 102 116 130 144 
S 
Kenwood 166 147 138 131 135 160 
PeUa 86 174 162 161 154 143 146 144 
Sherman 172 146 148 151 136 152 212 
Flyer 
Hutcheson 164 158 151 170 139 136 123 154 
OR 5-12-l(D 168 174 165 142 158 144 169 147 
PA 10-1-2 187 172 171 150 166 159 173 210 
PA 15-12-5-2 
PA 5-2-1 159 152 153 163 147 146 152 178 
PABu2-2 159 155 159 162 145 137 155 112 
OR 13-12-1 164 160 154 152 151 149 137 122 
OR 13-12-2 164 157 159 151 155 152 156 154 
OR 13-12-3 167 153 158 154 151 150 149 157 
OR 13-12-5 172 135 157 161 147 153 149 140 
OR 14-11-2 156 140 138 151 127 143 148 152 
OR 14-13-2 156 147 153 154 153 139 142 133 
OR 14-13-4 161 140 149 154 138 142 155 161 
OR 19-12-2 166 150 146 161 155 150 143 150 
OR 25-11-1 179 162 159 179 152 142 144 140 
Biloxi 148 149 148 147 136 135 144 130 
LSDO.05 20.9 20.1 14.2 20.4 16.3 20.3 18.4 30.7 
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Table A3.6. Leaf crude protein, 1994 
Entry Day after planting 
46 60 74 88 102 116 130 144 
Kenwood 31.6 31.9 33.0 30.0 28.6 15.2 
Pella 86 31.6 30.5 31.1 29.5 27.5 21.3 26.3 
Sherman 30.9 31.0 30.9 30.2 31.2 24.1 13.6 
Flyer 
Hutcheson 30.9 30.7 30.2 29.3 30.8 29.9 28.3 24.9 
OR 5-12-l(T) 29.2 28.7 27.7 22.7 26.2 27.2 22.0 20.8 
PA 10-1-2 29.1 28.6 27.9 24.0 28.0 26.3 20.3 12.3 
PA 15-12-5-2 
PA 5-2-1 30.5 30.3 28.4 27.4 28.9 28.0 21.8 15.0 
PA Bu2-2 30.8 29.6 28.5 25.0 29.5 28.0 21.4 16.6 
OR 13-12-1 30.5 29.3 29.0 26.1 28.1 28.2 26.8 19.7 
OR 13-12-2 31.1 29.4 27.5 24.0 27.3 26.9 24.2 18.8 
OR 13-12-3 30.6 30.2 27.7 26.0 27.1 26.7 24.0 21.1 
OR 13-12-5 30.7 30.5 27.8 25.8 28.0 28.1 26.4 18.7 
OR 14-11-2 30.7 30.1 30.6 27.7 29.4 30.2 27.9 21.9 
OR 14-13-2 31.7 30.9 30.8 28.7 30.6 30.6 27.8 21.9 
OR 14-13-4 30.7 30.6 30.0 28.6 29.6 29.9 25.0 22.0 
OR 19-12-2 31.7 30.4 30.1 27.4 28.4 28.0 26.5 21.5 
OR 25-11-1 30.1 29.3 28.6 25.8 27.7 29.1 27.6 20.0 
Biloxi 27.1 29.4 29.1 26.3 29.0 29.2 29.3 26.7 
LSDo.os 1.21 1.37 1.00 2.24 1.64 2.04 2.83 2.36 
! 
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Table A3.7. LeaflVDMD, 1995 
Entry Day after planting 
36 50 64 79 93 107 121 135 
% 
Kenwood 72-7 76.7 75.5 75.6 73.7 71.5 71.1 
PeUa 86 69.1 76.7 73.4 74.9 72.2 71.5 
Sherman 68.4 75.4 73-7 75.3 73.9 71.6 66.1 
Flyer 71.4 76.7 74.0 74.1 74.6 72.7 68.7 
Hutcheson 68.2 75.6 73.1 73.0 73.1 75.3 74.0 68.2 
OR 5-12-l(T) 72-7 76.4 74-9 74.2 74.0 74.9 73.7 69.5 
PA 10-1-2 70.7 75.3 71.9 71.9 73.1 74.0 71.5 69.9 
PA 15-12-5-2 59.5 76.4 73.6 73.2 74.5 74.4 74.0 70.8 
PA 5-2-1 69.7 76.4 73-8 74.2 73.6 75.7 73.9 68.7 
PA Bu2-2 68.8 76.8 74.0 74.6 74.0 75.4 74.0 71.4 
OR 13-12-1 72.7 76.5 73-5 72.9 71.4 73.2 71.9 68.7 
OR 13-12-2 73.3 75.6 73.8 73.0 71.3 72.6 72.9 68.1 
OR 13-12-3 67.7 74.1 73.4 74.4 70.5 72.3 70.6 69.0 
OR 13-12-5 74.9 76.1 73.0 73.0 70.4 72.8 71.6 68.5 
OR 14-11-2 68.8 76.1 73.1 73.2 72-2 73.9 73.3 70.7 
OR 14-13-2 67.3 77.4 73.6 74.0 73-1 74.7 72.4 69.5 
OR 14-13-4 71.5 77.2 73.7 72.7 73.0 74.2 72.9 69.8 
OR 19-12-2 70.0 76.2 73.7 73.8 71.3 72.1 72.1 68.5 
OR 25-11-1 68.3 75.1 73.6 74.4 74.0 74.3 72.9 70.8 
Biloxi 74.1 75.0 72.4 74.0 71.0 72.5 72.6 68.2 
LSDO.05 7.72 1.64 1.49 1.45 1.62 1.21 1.97 1.56 
i 
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Table A3.8. LeafNDF, 1995 
Entry Day after planting 
36 50 64 79 93 107 121 135 
S 
Kenwood 271 261 268 293 254 242 239 
PeUa 86 294 271 280 298 274 253 
Sherman 295 271 278 289 268 249 306 
Flyer 285 262 274 309 250 243 274 
Hutcheson 299 266 287 313 283 243 237 318 
OR 5-I2-l(T) 271 275 266 298 262 248 234 305 
PA 10-1-2 287 275 287 312 283 237 259 310 
PA 15-12-5-2 372 256 274 299 262 245 233 288 
PA 5-2-1 284 258 277 301 276 221 235 320 
PA Bu2-2 304 266 289 299 266 228 235 281 
OR 13-12-1 277 271 275 299 290 250 257 306 
OR 13-12-2 264 261 276 304 290 264 237 310 
OR 13-12-3 307 290 268 299 293 267 256 299 
OR 13-12-5 239 267 280 305 289 252 265 305 
OR 14-11-2 294 262 280 303 271 230 235 280 
OR 14-13-2 303 256 276 291 268 252 250 296 
OR 14-13-4 272 251 272 309 270 245 250 284 
OR 19-12-2 283 260 270 289 279 252 256 313 
OR 25-11-1 304 259 254 291 259 258 264 292 
Biloxi 256 266 283 292 299 275 269 320 
LSDo.os 64.6 18.5 17.3 15.3 18.4 23.9 28.2 21.8 
! 
t { I 
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Table A3.9. Leaf lignin, 1995 
Entry Day after planting 
36 50 64 79 93 107 121 135 
& K-S 
Kenwood 31.5 32.8 39.0 57.8 44.8 49.3 57.0 
PeUa 86 26.8 36.3 41.3 58.0 51.8 51.8 
Sherman 29.3 35.0 38.5 54.0 46.5 45.0 66.5 
Flyer 29.3 35.3 44.5 61.8 44.5 43.3 57.8 
Hutcheson 28.0 36.5 39.5 59.3 53.0 45.0 47.8 75.5 
OR 5-12-l(T) 27.3 33.5 37.8 56.3 48.5 46.0 51.5 75.7 
PA 10-1-2 26.8 29.8 36.8 57.0 47.8 43.3 50.3 66.3 
PA 15-12-5-2 30.8 33.0 38.5 55.8 43.5 45.0 51.5 68.0 
PA 5-2-1 28.5 34.0 40.5 59.0 48.8 44.3 49.0 76.0 
PABu2-2 29.8 39.8 45.5 56.8 52.3 42.5 49.0 65.5 
OR 13-12-1 27.5 34.0 37.5 61.0 55.5 53.8 56.5 77.3 
OR 13-12-2 26.3 35.5 39.5 61.0 58.5 56.5 58.3 80.0 
OR 13-12-3 27.0 35.3 40.8 54.5 62.8 56.8 60.5 74.8 
OR 13-12-5 26.8 37.5 42.5 60.5 56.0 56.5 60.0 78.5 
OR 14-11-2 26.8 36.0 45.8 59.5 50.8 46.3 50.5 71.5 
OR 14-13-2 27.3 30.3 35.3 53.5 49.0 44.5 55.3 70.5 
OR 14-13-4 24.3 34.5 38.8 60.3 51.0 48.3 53.0 71.0 
OR 19-12-2 24.0 30.5 36.5 57.0 52.8 56.3 55.0 76.3 
OR 25-11-1 29.3 38.3 42.0 54.5 45.0 47.5 53.5 65.3 
Biloxi 31.3 45.5 54.3 59.8 59.0 56.3 61.5 88.0 
LSDO.05 4.71 5.41 6.18 6.30 7.41 4.71 6.67 10.10 
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Table A3.10. Leaf cellulose, 1995 
Entry Day after planting 
36 50 64 79 93 107 121 135 
S Kg 
Kenwood 66.0 53.7 64.5 99.2 71.2 76.0 54.2 
PeUa 86 52.7 58.2 53.6 109.0 66.7 83.8 
Sherman 51.0 51.2 47.1 88.5 70.0 75.9 79.0 
Flyer 63.8 54.8 64.1 112.2 66.3 82.3 88.7 
Hutcheson 58.5 51.6 59.2 100.4 72.8 77.7 60.9 96.1 
OR 5-12-l(T) 60.2 60.6 46.0 77.7 63.1 74-7 62-1 87.3 
PA 10-1-2 52.5 45.7 42.9 86.7 66.2 68.9 64-1 80.0 
PA 15-12-5-2 51.2 40.5 47.7 76.8 63.9 75.2 64.4 70.6 
PA 5-2-1 57.4 47.2 63.6 93.9 66.2 71.0 64.4 86.5 
PA Bu2-2 55.1 59.2 74.8 97.6 64.7 73.2 64.3 70.0 
OR 13-12-1 70.5 55.4 50.3 87.4 69.2 75.6 68.4 83.4 
OR 13-12-2 59.1 45.7 55.0 87.1 67.8 72.6 67.1 85.8 
OR 13-12-3 56.8 66.4 43.6 85.8 71.0 73.5 60.2 79.9 
OR 13-12-5 56.8 54.4 51.3 92-9 61.5 72.0 67.5 86.6 
OR 14-11-2 59.8 47.3 62.5 92.3 57.2 55.9 47.8 82.2 
OR 14-13-2 51.3 55.9 51.5 86.3 63.2 76.1 68.0 87.5 
OR 14-13-4 57.2 49.5 49.8 102.6 60.0 78.6 62.8 77.3 
OR 19-12-2 47.6 47.0 41.0 80.1 62.7 73.0 56.3 91.4 
OR 25-11-1 59.8 39.9 33.8 78-4 60.6 72.8 70.2 77.8 
Biloxi 65.0 57.0 64.5 84.4 66.9 64.8 68.9 97.1 
LSDO.O5 13.61 17.00 15.73 18.69 13.90 15.04 17.82 19.41 
135 
146 
142 
164 
149 
157 
145 
145 
143 
144 
140 
126 
137 
136 
145 
149 
135 
18.9 
Table A3.11. Leafhemicellulose, 1995 
120 
Entry Day after planting 
36 50 64 79 93 107 
gkg*' 
Kenwood 174 174 165 136 138 117 
PeUa 86 215 177 185 131 156 117 
Sherman 214 184 192 147 152 128 
Flyer 192 172 166 134 139 117 
Hutcheson 213 177 188 153 157 121 
OR 5-12-l(T) 184 181 183 164 150 128 
PA 10-1-2 208 199 208 168 169 124 
PA 15-12-5-2 290 182 187 166 155 124 
PA 5-2-1 198 177 173 148 161 105 
PA Bu2-2 219 167 168 144 148 112 
OR 13-12-1 178 182 187 150 165 120 
OR 13-12-2 179 180 181 156 163 135 
OR 13-12-3 223 188 184 159 159 136 
OR 13-12-5 155 175 186 152 171 123 
OR 14-11-2 207 178 172 151 164 128 
OR 14-13-2 224 169 190 151 156 132 
OR 14-13-4 190 166 183 146 159 118 
OR 19-12-2 212 183 193 152 164 122 
OR 25-11-1 215 181 178 158 153 137 
Biloxi 160 163 164 148 173 154 
LSDo.os 63.4 15.8 16.4 15.5 19.1 17.3 
121 
Table A3.12. Leaf crude protein, 1995 
Entry Day after planting 
36 50 64 79 93 107 121 135 
"'n 
Kenwood 29.5 31.7 32.1 35.5 32.5 22.7 24.7 
Pella 86 28.1 31.4 29.5 33.7 30.8 25.4 
Sherman 28.4 30.3 29.8 35.1 33.5 27.5 16.3 
Flyer 28.7 31.9 32.8 34.8 32.7 29.4 18.3 
Hutcheson 27.1 30.1 29.8 33.1 32.1 31-8 29.7 27.9 
OR 5-12-1(7) 27.6 29.4 28.6 30.5 28.5 27.1 25.5 23.2 
PA 10-1-2 28.0 29.5 27.6 30.1 29.9 26.9 25.2 19.9 
PA 15-12-5-2 24.6 30.7 29.3 31.5 29.6 29.0 27.0 25.0 
PA 5-2-1 26.9 30.3 28.7 31.5 30.0 28.5 26.8 20.3 
PA Bu2-2 27.3 30.7 30.4 31.7 30.2 29.9 27.9 24.2 
OR 13-12-1 29.1 31.4 30.0 30.7 29.1 28.5 27.9 25.0 
OR 13-12-2 28.0 30.1 29.1 30.0 27.2 27.2 25.1 23.5 
OR 13-12-3 26.6 30.2 28.8 30.7 27.0 27.7 25.9 25.1 
OR 13-12-5 28.3 30.0 29.0 30.3 28.7 28.3 27.6 23.9 
OR 14-11-2 26.5 31.0 29.8 32.2 30.2 30.3 30.1 25.8 
OR 14-13-2 27.5 31.5 30.2 33.1 30.6 31.2 30.2 27.1 
OR 14-13-4 28.4 30.8 29.6 32.3 29.9 31.1 30.1 26.9 
OR 19-12-2 28.8 31.0 29.0 32.2 29.1 27.9 28.8 26.2 
OR 25-11-1 27.4 30.7 28.7 31.3 29.5 29.7 31.3 25.5 
Biloxi 25.4 27.7 27.1 30.6 29.0 31.0 31.6 29.2 
LSDo.05 2.87 1.24 1.79 0.84 1.17 1.24 1.89 2.15 
Table A3.13. Stem IVDMD , 1994 
122 
Entry Day after planting 
46 60 74 88 102 116 130 144 
% 
Kenwood 57.9 52.6 49.3 49.2 46.9 40.3 29.8 25.6 
Pella 86 58.5 54.6 50.8 47.6 47.3 44.7 31.8 28.8 
Sherman 60.0 59.9 55.0 54.0 52.0 48.8 37.6 33.9 
Flyer 
Hutcheson 59.3 57.7 54.0 54.3 53.2 51.7 48.7 45.9 
OR 5-12-l(T) 57.8 51.5 48.1 47.4 47.2 47.4 39.4 40.2 
PA 10-1-2 60.3 55.9 51.5 50.1 51.3 48.9 44.0 39.1 
PA 15-12-5-2 
PA 5-2-1 59.2 54.5 49.7 48.5 47.0 44.2 37.4 33.1 
PA Bu2-2 59.1 54.0 51.1 49.4 48.9 49.6 40.9 40.4 
OR 13-12-1 59.8 55.0 50.8 49.1 50.0 49.2 44.6 45.0 
OR 13-12-2 59.6 52.4 48.8 49.4 49.2 47.9 43.8 41.9 
OR 13-12-3 58.2 53.3 48.6 47.7 47.7 47.0 42.3 41.0 
OR 13-12-5 59.4 54.1 50.5 48.9 48.4 45.8 42.6 42.3 
OR 14-11-2 55.4 49.9 46.5 44.1 46.3 43.4 41.1 40.5 
OR 14-13-2 58.5 53.6 49.5 45.8 48.8 46.2 43.6 43.9 
OR 14-13-4 57.8 51.1 47.8 45.9 46.3 45.4 42.1 39.6 
OR 19-12-2 60.0 53.9 49.6 46.7 46.4 46.4 41.4 41.8 
OR 25-11-1 58.3 53.2 49.5 48.2 48.6 48.2 46.4 43.0 
Biloxi 60.7 57.3 52.5 51.9 52.6 52.0 47.2 49.4 
LSDo.os 1.81 2.23 2.17 1.80 2.21 2.27 3.54 3.41 
144 
849 
851 
817 
670 
728 
785 
835 
757 
691 
738 
728 
729 
722 
704 
731 
732 
733 
673 
30.0 
123 
Table A3.14. Stem NDF, 1994 
Entry Day after planting 
46 60 74 88 102 116 
•g kg'^ 
Kenwood 559 623 646 655 678 745 
Peila 86 561 618 655 682 703 722 
Sherman 542 563 608 624 649 683 
Flyer 
Hutcheson 533 569 600 618 629 621 
OR 5-12-l(T) 578 647 677 699 688 686 
PA 10-1-2 525 578 623 656 651 665 
PA 15-12-5-2 
PA 5-2-1 566 609 658 679 698 713 
PA Bu2-2 554 618 660 682 686 676 
OR 13-12-1 547 597 620 678 680 676 
OR 13-12-2 547 626 659 664 688 686 
OR 13-12-3 566 612 655 676 695 694 
OR 13-12-5 544 618 648 676 695 701 
OR 14-11-2 576 636 660 683 685 698 
OR 14-13-2 560 604 644 689 690 687 
OR 14-13-4 565 617 665 680 692 679 
OR 19-12-2 555 625 662 699 705 684 
OR 25-11-1 554 618 652 678 687 685 
Biloxi 516 593 646 669 678 675 
LSDO.05 23.5 24.1 23.7 20.5 18.6 22.8 
124 
Table A3.15. Stem lignin , 1994 
Entry Day after planting 
46 60 74 88 102 116 130 144 
I 
• g Kg 
Kenwood 81 96 102 108 115 126 150 169 
Pella 86 83 89 100 109 115 117 144 158 
Sherman 74 79 86 92 102 106 129 141 
Flyer 
Hutcheson 75 81 84 87 94 95 101 108 
OR 5-12-l(T) 85 99 105 110 109 109 125 125 
PA 10-1-2 71 83 93 101 101 107 115 132 
PA 15-12-5-2 
PA 5-2-1 82 92 98 104 110 116 127 146 
PA Bu2-2 79 93 99 107 109 109 122 127 
OR 13-12-1 77 85 92 102 103 105 I I I  113 
OR 13-12-2 78 92 96 101 106 105 111 121 
OR 13-12-3 81 88 98 103 109 110 116 121 
OR 13-12-5 76 90 93 100 106 109 113 120 
OR 14-11-2 86 98 104 111 113 117 119 126 
OR 14-13-2 81 90 100 111 110 114 117 122 
OR 14-13-4 83 96 104 109 114 115 119 128 
OR 19-12-2 77 91 98 108 113 110 118 123 
OR 25-11-1 80 92 100 107 110 112 114 123 
Biloxi 73 88 96 99 100 99 107 108 
LSDo.05 5.1 5.4 5.5 4.8 4.8 5.2 7.3 11.5 
144 
126 
119 
131 
109 
106 
127 
144 
117 
96 
133 
111 
121 
125 
121 
126 
134 
120 
132 
27.4 
125 
Table A3.16. Stem cellulose, 1994 
Entry Day after planting 
46 60 74 88 102 116 
g k g '  
Kenwood 95 109 123 127 132 117 
PeUa 86 93 115 122 118 139 113 
Sherman 90 98 95 101 124 109 
Flyer 
Hutcheson 91 91 90 92 105 93 
OR 5-12-l(T) 109 118 115 103 108 107 
PA 10-1-2 60 82 81 87 112 116 
PA 15-12-5-2 
PA 5-2-1 103 108 108 105 130 130 
PABu2-2 85 94 115 114 126 124 
OR 13-12-1 90 98 78 99 113 117 
OR 13-12-2 100 108 97 96 128 116 
OR 13-12-3 104 112 90 96 115 126 
OR 13-12-5 96 114 106 107 129 119 
OR 14-11-2 101 118 101 94 118 118 
OR 14-13-2 102 103 96 96 130 126 
OR 14-13-4 110 100 102 100 119 103 
OR 19-12-2 102 112 107 108 119 99 
OR 25-11-1 89 110 99 99 115 119 
BUoxi 91 136 128 111 125 126 
LSDo.os 16.6 17.8 16.4 12.6 16.8 26.7 
144 
554 
573 
545 
453 
497 
526 
545 
513 
481 
484 
497 
489 
471 
462 
477 
476 
490 
432 
22.3 
126 
Table A3.17. Stem hemicellulose , 1994 
Entry Day after planting 
46 60 74 88 102 116 
gkg"' 
Kenwood 383 418 421 420 432 503 
Pella 86 384 414 434 455 449 493 
Sherman 378 386 428 431 424 468 
Flyer 
Hutcheson 367 396 426 439 430 433 
OR 5-12-l(T) 384 430 458 487 470 471 
PA 10-1-2 394 413 449 468 438 442 
PA 15-12-5-2 
PA 5-2-1. 381 410 452 470 458 467 
PABu2-2 390 431 446 462 451 442 
OR 13-12-1 379 414 450 477 464 454 
OR 13-12-2 369 425 466 467 454 464 
OR 13-12-3 382 412 467 477 471 458 
OR 13-12-5 372 413 449 468 460 472 
OR 14-11-2 390 421 455 477 455 462 
OR 14-13-2 377 411 448 482 449 446 
OR 14-13-4 371 421 460 472 460 462 
OR 19-12-2 376 421 457 483 474 474 
OR 25-11-1 385 416 454 472 462 454 
Biloxi 352 369 422 458 452 449 
LSDo.o5 15.8 16.8 12.6 15.7 14.7 18.5 
I 
i 
r 
127 
Table A3.18. Stem crude protein, 1994 
Entry Day after planting 
46 60 74 88 102 116 130 144 
®'n 
Kenwood 14.0 10.5 9.7 10.8 9.4 5.2 3-4 3.4 
PeUa 86 14.2 10.7 9.1 8.7 8.9 6.3 2-8 3-0 
Sherman 14.9 12.9 10.1 9.9 10.8 7-3 3.3 4-1 
Flyer 
Hutcheson 15.1 11.8 9.4 8.9 9.4 9.4 11.0 8.0 
OR 5-12-1(7) 13.6 9.0 8.0 6.1 6.9 7-4 6.1 6.1 
PA 10-1-2 14.0 10.4 8.8 7.2 9.3 9.8 6.5 4.8 
PA 15-12-5-2 
PA 5-2-1 14.9 10.9 8.2 7.5 8.3 8.4 5.8 3.9 
PABu2-2 13.2 9.4 8.2 6.8 8.6 8.9 6.0 5.2 
OR 13-12-1 13.8 10.1 8.2 7.0 7.5 8.3 8.2 6.4 
OR 13-12-2 15.2 10.0 7.8 6.8 8.0 7.4 7.6 6.0 
OR 13-12-3 14.5 11.0 7.5 7.0 6.9 8.0 7.6 5.7 
OR 13-12-5 14.6 11.4 8.1 7.0 7.7 7.4 8.2 5.7 
OR 14-11-2 13.5 9.7 7.9 6.9 7.7 7.4 7.9 6.8 
OR 14-13-2 14.7 11.1 7.9 6.8 8.2 8.4 8.7 6.9 
OR 14-13-4 14.3 10-2 8.1 7.1 7.8 7.5 8.1 6.7 
OR 19-12-2 14.1 9-7 7.9 6-2 6.3 6.7 7.1 6.7 
OR 25-11-1 13.6 9-9 7.3 6-5 6.6 7.7 7.7 5.6 
Biloxi 16.6 14.6 10.1 7-5 8.0 8.4 8.7 9.4 
LSD0.0s 1.32 1.30 0.80 0.76 1.07 1.09 1.37 1.33 
128 
Table A3.19. Stem IVDMD, 1995 
Entry Day after planting 
36 50 64 79 93 107 121 135 
Kenwood 59.8 58.2 54.5 54.1 51.3 45.3 34.4 32.9 
Pella 86 62.0 59.4 54.2 54.2 51.5 48.5 37.2 32.9 
Sherman 62.1 61.8 58.1 58.6 54.3 51.8 42.6 36.5 
Flyer 61.0 61.4 57.3 59.6 55.9 50.8 44.2 35.3 
Hutcheson 59.8 60.8 57.7 58.4 55.5 53.9 51.5 45.3 
OR 5-12-l(T) 59.9 59.1 52.5 52.0 49.2 47.7 44.6 37.6 
PA 10-1-2 63.2 61.5 56.9 55.0 52.3 54.4 50.9 42.1 
PA 15-12-5-2 63.4 61.1 55.4 55.6 52.6 53.7 50.7 45.1 
PA 5-2-1 60.5 59.2 53.3 53.2 48.9 49.7 43.0 36.5 
PABu2-2 62.5 60.0 54.6 53.3 50.8 53.0 47.2 42.1 
OR 13-12-1 59.7 61.0 54.7 53.6 49.1 49.8 48.7 44.8 
OR 13-12-2 63.6 61.3 54.2 53.1 51.6 49.6 49.1 44.7 
OR 13-12-3 61.1 58.9 52.2 52.3 49.2 48.1 48.1 44.2 
OR 13-12-5 62.6 58.2 51.6 51.7 49.5 47.0 46.2 40.8 
OR 14-11-2 58.2 57.1 51.1 48.5 47.1 45.6 44.2 40.1 
OR 14-13-2 61.7 60.1 52.9 50.4 47.7 47.0 47.5 42.4 
OR 14-13-4 60.8 59.5 52.6 52.4 48.2 47.1 47.1 41.0 
OR 19-12-2 63.0 60.5 54.4 54.2 50.6 49.5 46.3 42.3 
OR 25-11-1 61.0 58.4 53.4 54.2 50.9 48.6 48.8 47.2 
Biloxi 62.7 60.5 57.2 56.8 53.5 55.2 52.0 48.7 
LSDo.os 2.64 1.75 2.19 2.46 3.85 3.16 2.96 2.83 
135 
768 
774 
754 
755 
658 
748 
710 
696 
759 
111 
675 
684 
678 
704 
677 
677 
691 
694 
675 
679 
29.1 
129 
Table A3.20. Stem NDF, 1995 
Entry Day after planting 
36 50 64 79 93 107 
S 
Kenwood 464 524 588 581 588 632 
Pella 86 451 524 603 601 606 619 
Sherman 462 501 555 549 578 589 
Flyer 456 506 549 544 545 578 
Hutcheson 475 499 532 557 569 572 
OR 5-12-l(T) 504 541 609 624 637 632 
PA 10-1-2 450 515 561 578 593 581 
PA 15-12-5-2 456 514 584 583 622 600 
PA 5-2-1 478 543 599 608 627 615 
PABu2-2 473 537 605 622 634 611 
OR 13-12-1 469 511 579 595 640 613 
OR 13-12-2 461 526 594 609 608 645 
OR 13-12-3 494 540 612 605 652 645 
OR 13-12-5 470 553 617 626 636 648 
OR 14-11-2 466 542 598 632 643 634 
OR 14-13-2 496 514 592 623 634 633 
OR 14-13-4 485 525 599 598 641 636 
OR 19-12-2 463 530 594 597 623 627 
OR 25-11-1 461 546 610 605 625 651 
Biloxi 439 508 562 599 621 614 
LSDO.O5 45.2 22.2 19.8 28.4 37.4 30.1 
I 
< 
I 
130 
Table A3.21. Stem lignin, 1995 
Entry Day after planting 
36 50 64 79 93 107 121 135 
S R.S 
Kenwood 62.0 77.5 89.8 94.3 102.3 111.3 140.8 132.8 
PeUa 86 60.8 77.8 90.0 93.8 100.5 106.0 131.0 141.0 
Sherman 58.0 68.0 77.8 81.5 93.5 96.5 118.5 129.8 
Flyer 58.3 72.0 82.0 82.3 89.5 98.8 110.8 137.8 
Hutcheson 57.0 71.3 72.8 78.3 85.0 90.8 96.5 111.3 
OR 5-12-1(1) 64.3 78.8 90.3 97.3 105.0 106.3 115.8 133.5 
PA 10-1-2 49.7 73.0 78.5 87.5 95.8 94.8 106.3 126.3 
PA 15-12-5-2 50.0 69.3 79.8 86.3 96.0 96.5 103.8 115.5 
PA 5-2-1 61.5 80.3 88.5 95.0 102.5 104.8 119.0 138.0 
PABu2-2 60.0 80.0 90.8 96.8 103.3 101.0 113.8 128.5 
OR 13-12-1 56.7 70.8 82.3 87.8 102.0 102.0 106.5 114.8 
OR 13-12-2 55.3 76.0 84.0 93.5 96.5 106.8 110.8 118.3 
OR 13-12-3 60.7 78.8 92.3 94.0 105.7 105.0 110.5 116.5 
OR 13-12-5 59.5 80.0 91.8 95.8 102.8 109.5 114.5 122.3 
OR 14-11-2 63.0 83.5 91.0 102.5 108.5 114.3 116.8 125.3 
OR 14-13-2 60.0 76.3 88.3 98.3 107.0 108.5 115.8 122.5 
OR 14-13-4 61.3 79.5 91.3 93.0 107.8 112.0 116.5 128.3 
OR 19-12-2 51.7 71.8 86.8 89.5 101.3 105.0 112.5 121.5 
OR 25-11-1 60.8 77.8 91.5 92.3 101.3 108.8 110.8 117.5 
Biloxi 56.5 71.8 86.0 87.8 93.3 92.3 103.5 111.8 
LSDo.os 9.00 5.22 4.85 4.99 9.03 5.40 6.49 7.00 
135 
93 
97 
96 
110 
109 
112 
105 
118 
119 
120 
98 
112 
102 
115 
88 
91 
109 
111 
115 
131 
24.8 
131 
Table A3.22. Stem cellulose, 1995 
Entry Day after planting 
36 50 64 79 93 107 
gkg*' 
Kenwood 81 74 90 107 102 73 
Pella 86 69 68 97 110 112 69 
Sherman 77 64 74 92 92 55 
Flyer 75 68 81 93 87 75 
Hutcheson 103 57 64 88 85 77 
OR 5-12-l(T) 110 75 102 115 97 84 
PA 10-1-2 87 61 72 95 79 82 
PA 15-12-5-2 99 68 87 93 97 92 
PA 5-2-1 102 76 93 97 86 80 
PABu2-2 94 70 97 109 100 96 
OR 13-12-1 84 66 84 94 96 73 
OR 13-12-2 104 81 94 109 95 113 
OR 13-12-3 134 83 100 98 119 101 
OR 13-12-5 101 89 109 116 109 96 
OR 14-11-2 59 78 89 117 110 83 
OR 14-13-2 135 63 89 103 90 81 
OR 14-13-4 112 66 88 94 105 94 
OR 19-12-2 108 78 90 91 95 88 
OR 25-11-1 89 92 103 107 102 99 
Biloxi 77 82 83 105 108 94 
LSDo.os 51.8 19.3 15.2 16.6 17.6 21.0 
135 
543 
536 
529 
508 
438 
503 
479 
462 
502 
478 
462 
454 
459 
467 
463 
463 
454 
461 
442 
436 
19.3 
132 
Table A3.23. Stem hemicellulose, 1995 
Entry Day after planting 
36 50 64 79 93 107 
S Kg 
Kenwood 320 372 408 379 384 448 
PeUa 86 321 378 416 398 393 443 
Sherman 327 369 403 376 392 437 
Flyer 323 366 386 369 368 405 
Hutcheson 315 371 396 390 399 404 
OR 5-12-1(7) 329 388 417 411 435 441 
PA 10-1-2 313 382 410 396 417 405 
PA 15-12-5-2 307 376 417 404 429 411 
PA 5-2-1 314 387 417 416 438 430 
PABu2-2 319 387 418 416 431 414 
OR 13-12-1 328 374 412 413 442 437 
OR 13-12-2 301 369 416 406 416 426 
OR 13-12-3 299 379 420 413 426 439 
OR 13-12-5 309 385 416 414 424 441 
OR 14-11-2 344 381 418 413 425 437 
OR 14-13-2 301 374 415 421 437 444 
OR 14-13-4 312 380 420 411 428 431 
OR 19-12-2 303 380 417 417 427 433 
OR 25-11-1 312 376 416 405 422 442 
Biloxi 306 355 392 406 419 428 
LSDO.05 30.8 17.1 12.2 16.5 27.3 25.1 
J 
133 
Table A3.24. Stem crude protein, 1995 
Entry Day after planting 
36 50 64 79 93 107 121 135 
Kenwood 14.9 12.2 8.9 11.4 11.8 7.4 4.5 4.1 
PeUa 86 15.1 12.0 8.9 10.1 11.6 8.6 3.3 4.1 
Sherman 14.9 12.2 9.7 11.6 11.7 8.8 5.5 4.5 
Flyer 14.8 13.1 11.3 12.2 13.1 11.1 6.5 4.9 
Hutcheson 14.7 12.5 9.6 10.5 9.6 9.4 9.0 8.8 
OR 5-12-1(1) 14.3 11.3 8.0 8.7 8.1 7.8 6.8 5.3 
PA 10-1-2 14.2 12.1 8.8 10.1 9.0 10.7 8.3 6.0 
PA 15-12-5-2 14.8 12.5 8.8 9.6 8.7 10.0 8.5 8.0 
PA 5-2-1 15.2 11.6 8.6 8.4 8.1 8.8 7.3 5.1 
PABu2-2 14.0 10.8 7.9 8.1 8.1 10.0 8.2 5.8 
OR 13-12-1 14.9 11.9 8.6 8.6 8.1 8.4 8.4 8.1 
OR 13-12-2 15.9 12.1 8.3 8.5 8.3 8.7 7.8 7.5 
OR 13-12-3 14.9 12.0 7.8 8.4 8.0 7.7 7.6 7.4 
OR 13-12-5 15.0 11.9 8.2 8.7 8.3 8.0 7.5 7.1 
OR 14-11-2 15.0 11.2 8.0 8.5 8.2 7.7 7.9 7.2 
OR 14-13-2 14.5 12.4 8.4 8.4 7.8 8.0 7.8 7.3 
OR 14-13-4 14.9 11.4 7.7 8.5 8.2 8.5 7.7 7.3 
OR 19-12-2 14.8 11.1 8.5 8.4 7.9 7.8 7.4 7.2 
OR 25-11-1 15.5 12.2 8.3 8.5 7.8 7.8 8.0 7.5 
Biloxi 16.3 14.8 11.2 8-8 8.5 8.5 8.4 8.8 
LSDo.os 1.30 1.45 0.76 0.75 1.41 1.35 l . l l  0.93 
134 
Table A3.25. Reproduaive-part FVDMD, 1994 
Entry Day after planting 
46 60 74 88 102 116 130 144 
Kenwood 74.8 76.0 73.3 78.8 80.8 80.4 
Pella 86 75.2 77.9 71.8 77.8 79.5 79.2 
Sherman 72.7 76.1 75.1 77.8 78.8 79.8 
Flyer 
Hutcheson 72.4 77.9 76.3 77.1 
OR 5-12-1(1) 72.2 75.5 74.9 76.9 76.8 
PA 10-1-2 71.4 77.6 77.5 76.0 80.6 
PA 15-12-5-2 
PA 5-2-1 75.3 78.2 76.4 76.5 79.6 
PABu2-2 76.8 77.4 77.4 78.4 80.2 
OR 13-12-1 75.2 76.3 76.1 76.9 
OR 13-12-2 76.5 75.7 77.6 
OR 13-12-3 75.4 74.9 77.3 
OR 13-12-5 76.4 76.4 77.4 
OR 14-11-2 75.7 77.1 78.4 
OR 14-13-2 78.8 76.1 75.9 77.3 
OR 14-13-4 74.5 75.6 77.3 
OR 19-12-2 78.1 76.8 78.6 
OR 25-11-1 78.0 76.5 77.9 
Biloxi 
LSDO.05 3.65 3.74 2.70 2.04 1.41 1.40 
144 
203 
192 
178 
270 
297 
213 
240 
231 
292 
280 
297 
288 
267 
276 
275 
277 
287 
31.5 
135 
Table A3.26. Reproductive-part NDF, 1994 
Entry Day after planting 
46 60 74 88 102 116 
Kenwood 406 332 260 224 
PeUa 86 394 351 283 214 
Sherman 378 382 287 235 
Flyer 
Hutcheson 334 380 
OR 5-12-1(1) 389 402 358 
PA 10-1-2 378 399 350 
PA 15-12-5-2 
PA 5-2-1 368 394 322 
PABu2-2 389 401 330 
OR 13-12-1 356 389 
OR 13-12-2 378 
OR 13-12-3 383 
OR 13-12-5 375 
OR 14-11-2 383 
OR 14-13-2 393 388 
OR 14-13-4 379 
OR 19-12-2 386 
OR 25-11-1 370 
Biloxi 
LSDo.os 18.2 17.5 20.7 20.5 
136 
Table A3.27. Reproductive-part lignin, 1994 
Entry Day after planting 
46 60 74 88 102 116 130 144 
gkg*' 
Kenwood 56.3 44.5 32.5 21.5 20.5 23.3 
PeUa 86 56.8 45.3 37.5 25.5 22.8 24.8 
Sherman 53.5 53.3 34.5 28.3 23.8 21.5 
Flyer 
Hutcheson 45.0 50.8 42.3 34.0 
OR 5-12-l(T) 59.0 51.3 45.0 34.0 32.0 
PA 10-1-2 55.7 50.3 42.3 34.3 21.3 
PA 15-12-5-2 
PA 5-2-1 49.5 49.0 40.8 32.3 24.5 
PABu2-2 56.5 49.7 38.3 30.0 23.3 
OR 13-12-1 48.0 51.0 46.5 34.0 
OR 13-12-2 49.0 46.3 32.3 
OR 13-12-3 52.0 49.5 34.0 
OR 13-12-5 48.3 43.3 32.5 
OR 14-11-2 49.0 44.0 28.3 
OR 14-13-2 47.0 50.8 44.8 32.0 
OR 14-13-4 49.3 45.8 31.5 
OR 19-12-2 50.5 47.3 32.0 
OR 25-11-1 47.8 48.0 32.5 
Biloxi 
LSDO.03 3.28 4.05 4.69 4.14 4.30 4.68 
144 
63 
65 
53 
84 
94 
62 
80 
69 
90 
81 
95 
86 
83 
98 
89 
95 
99 
2.0 
137 
Table A3.28. Reproductive-part cellulose, 1994 
Entry Day after planting 
46 60 74 88 102 116 
gkg"' 
Kenwood 113 110 79 63 
PeUa 86 110 113 87 63 
Sherman 96 115 90 67 
Flyer 
Hutcheson 61 105 
OR 5-12-1(1) 110 101 92 
PA 10-1-2 96 106 104 
PA 15-12-5-2 
PA 5-2-1 98 108 102 
PABu2-2 125 103 103 
OR 13-12-1 83 100 
OR 13-12-2 93 
OR 13-12-3 99 
OR 13-12-5 89 
OR 14-11-2 94 
OR 14-13-2 97 104 
OR 14-13-4 89 
OR 19-12-2 101 
OR 25-11-1 96 
Biloxi 
LSDo.os 12.5 10.8 11.4 16.2 
144 
117 
102 
103 
152 
171 
129 
135 
139 
168 
166 
168 
170 
156 
145 
154 
149 
155 
18.7 
138 
Table A3.29. Reproductive-part hemicellulose, 1994 
Entry Day after planting 
46 60 74 88 102 116 
gkS'' 
Kenwood 236 177 149 139 
Pella 86 228 192 159 126 
Sherman 227 214 162 140 
Flyer 
Hutcheson 227 224 
OR 5-12-l(T) 220 249 221 
PA 10-1-2 226 242 204 
PA 15-12-5-2 
PA 5-2-1 220 237 179 
PA Bu2-2 207 248 188 
OR 13-12-1 226 237 
OR 13-12-2 236 
OR 13-12-3 232 
OR 13-12-5 237 
OR 14-11-2 240 
OR 14-13-2 249 233 
OR 14-13-4 241 
OR 19-12-2 234 
OR 25-11-1 226 
Biloxi 
LSDo.os 25.8 18.7 12.3 18.3 
139 
Table A3.30. Reproductive-part crude protein, 1994 
Entry Day after planting 
46 60 74 88 102 116 130 144 
Kenwood 23.8 25.8 28.4 31.3 32.4 30.8 
PeUa 86 26.3 26.7 27.3 30.6 32.1 30.7 
Sherman 24.2 24.6 27.9 29.8 31.5 31.9 
Flyer 
Hutcheson 23.3 26.4 28.9 28.7 
OR 5-l2-l(T) 19.7 24.3 25.5 29.6 29.2 
PA 10-1-2 19.7 25.8 27.3 29.4 32.5 
PA 15-12-5-2 
PA 5-2-1 24.4 26.2 26.9 29.8 31.7 
PA Bu2-2 22.2 27.4 29.3 31.5 32.2 
OR 13-12-1 23.6 25.2 28.2 29.0 
OR 13-12-2 24.3 27.6 29.4 
OR 13-12-3 22.9 27.5 28.6 
OR 13-12-5 26.4 29.0 28.7 
OR 14-11-2 25.3 29.4 31.5 
OR 14-13-2 29.7 22.9 27.9 30.0 
OR 14-13-4 24.0 27.8 30.1 
OR 19-12-2 24.2 27.3 29.1 
OR 25-11-1 25.2 29.0 29.8 
Biloxi 
LSDo.os 1.00 2.28 2.38 2.14 1.75 1.74 
140 
Table A3.31. Reproductive-part IVDMD, 1995 
Entry Day after planting 
36 50 64 79 93 107 121 135 
% 
Kenwood 76.8 77-7 80-1 81-3 
Pella 86 78.1 69.8 79.0 80.0 
Sherman 77.9 75.8 80.2 80.8 
Flyer 78.2 75-6 77.9 79.5 
Hutcheson 68.9 77.6 77.3 79.1 
OR 5-l2-l(T) 67.0 74-0 76-7 78.6 
PA 10-1-2 74.0 77.1 78.7 80.0 
PA 15-12-5-2 68.2 76.6 77.0 79-2 
PA 5-2-1 71.7 76.9 77.7 79.8 
PABu2-2 72.5 78.9 78.1 80.1 
OR 13-12-1 70.1 74.2 77.3 78.7 
OR 13-12-2 69.9 75.6 76.5 78.2 
OR 13-12-3 73.0 77-1 76-7 
OR 13-12-5 69.0 74.8 76.6 78.4 
OR 14-11-2 68.8 74.1 77.3 77.7 
OR 14-13-2 68.9 74.8 76.0 77.9 
OR 14-13-4 70.3 75.3 76-5 78.3 
OR 19-12-2 67.3 74.2 77.3 78.5 
OR 25-11-1 70.7 79.4 77.1 
Biloxi 
LSDo.os 3.10 2.51 1-42 1-43 
135 
1S8 
194 
188 
201 
282 
295 
269 
257 
268 
288 
311 
327 
370 
309 
309 
301 
297 
328 
369 
22.9 
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Table A3.32. Reproductive-part NDF, 1995 
Entry Day after planting 
36 50 64 79 93 107 
gkg*' 
Kenwood 283 225 
PeUa 86 321 250 
Sherman 343 232 
Flyer 364 254 
Hutcheson 358 382 
OR 5-12-l(T) 381 387 
PA 10-1-2 386 377 
PA 15-12-5-2 368 382 
PA 5-2-1 378 376 
PABu2-2 374 377 
OR 13-12-1 362 375 
OR 13-12-2 356 394 
OR 13-12-3 369 
OR 13-12-5 377 391 
OR 14-11-2 352 375 
OR 14-13-2 358 376 
OR 14-13-4 358 375 
OR 19-12-2 370 374 
OR 25-11-1 357 
Biloxi 
LSDo.os 19.7 16.8 
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Table A3.33. Reproductive-part lignin, 1995 
Entry Day after planting 
36 50 64 79 93 107 121 135 
gkg '  
Kenwood 35.0 25.5 21.3 19.5 
PeUa 86 42.5 35.3 21.3 22.3 
Sherman 44.8 31.3 20.8 21.3 
Flyer 47.5 34.0 26.3 24.0 
Hutcheson 47.5 52.3 45.0 34.8 
OR5-12-l(T) 52.0 51.8 43.5 32.0 
PA 10-1-2 53.0 50.5 35.3 28.3 
PA 15-12-5-2 51.0 53.5 43.0 29.0 
PA 5-2-1 49.8 50.8 38.8 29.5 
PABu2-2 49.0 48.8 40.8 31.8 
OR 13-12-1 48.0 50.8 47.3 36.3 
OR 13-12-2 48.0 53.8 49.8 38.3 
OR 13-12-3 50.5 54.0 46.5 
OR 13-12-5 49.0 53.0 47.0 35.5 
OR 14-11-2 50.0 50.0 42.5 35.8 
OR 14-13-2 51.0 50.0 51.0 36.5 
OR 14-13-4 48.5 49.8 48.5 34.3 
OR 19-12-2 50.5 51.8 51.0 39.3 
OR 25-11-1 49.8 49.5 47.3 
Biloxi 
LSDo.os 3.55 4.17 6.90 4.48 
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Table A3.34. Reproductive-part cellulose, 1995 
Entry Day after planting 
36 50 64 79 93 107 121 135 
gkg"' 
Kenwood 85 60 66 63 
PeUa 86 105 72 65 70 
Sherman 108 64 60 66 
Flyer I I I  73 55 65 
Hutcheson 61 103 101 88 
OR 5-I2-l(T) 69 95 96 86 
PA 10-1-2 96 108 84 75 
PA 15-12-5-2 73 108 98 74 
PA 5-2-1 87 114 95 85 
PABu2-2 86 113 104 91 
OR 13-12-1 75 95 105 95 
OR 13-12-2 78 107 110 93 
OR 13-12-3 87 111 104 
OR 13-12-5 67 102 101 87 
OR 14-11-2 68 88 95 90 
OR 14-13-2 74 94 108 93 
OR 14-13-4 72 98 106 87 
OR 19-12-2 69 98 110 100 
OR 25-11-1 76 109 111 
Biloxi 
LSDo.os 6.3 11.9 10.8 8.3 
135 
106 
lOl  
lOI  
112 
160 
177 
166 
154 
153 
165 
180 
196 
219 
187 
183 
171 
176 
189 
211 
12.6 
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Table A3.3 5. Reproductive-part hemicellulose, 1995 
Entry Day after planting 
36 50 64 79 93 107 
gkg '  
Kenwood 163 140 
Pella 86 173 143 
Sherman 190 137 
Flyer 205 146 
Hutcheson 250 226 
OR 5-12-l(T) 260 240 
PA 10-1-2 238 219 
PA 15-12-5-2 244 220 
PA 5-2-1 241 211 
PABu2-2 239 215 
OR 13-12-1 239 230 
OR 13-12-2 230 232 
OR 13-12-3 231 
OR 13-12-5 261 236 
OR 14-11-2 234 236 
OR 14-13-2 233 232 
OR 14-13-4 238 227 
OR 19-12-2 250 223 
OR 25-11-1 232 
Biloxi 
LSDO.05 18.8 11.7 
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Table A3-36. Reproductive-part crude protein, 1995 
Entry Day after planting 
36 50 64 79 93 107 121 135 
% 
Kenwood 28.8 30.5 31.5 32.7 
Pella 86 28.6 28.8 31.5 31.9 
Sherman 28.8 29.0 31.7 32.7 
Flyer 28.4 28.9 30.8 31.7 
Hutcheson 20.5 26.2 27.5 29.6 
OR 5-12-l(T) 20.8 24.0 26.6 29.5 
PA 10-1-2 23.9 27.1 28.7 29.8 
PA 15-12-5-2 20.6 25.2 28.0 31.3 
PA 5-2-1 23.8 26.5 27.8 29.7 
PABu2-2 24.4 28.2 29.5 30.7 
OR 13-12-1 22.6 24.2 26.8 31.2 
OR 13-12-2 21.9 25.1 25.6 30.5 
OR 13-12-3 22.7 25.2 29.3 
OR 13-12-5 21.6 23.8 26.3 30.3 
OR 14-11-2 21.6 23.9 27.5 30.2 
OR 14-13-2 21.2 23.9 25.4 30.1 
OR 14-13-4 22.4 24.7 26.5 30.8 
OR 19-12-2 20.2 22.7 25.3 29.7 
OR 25-11-1 21.9 27.4 29.3 
Biloxi 
LSDO.05 2.60 1.84 1.75 1.30 
r 
i 
i 
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Table A4.1. Total monthly precipation (P) and departures from 30 year average (Dep) for 
1994 and 1995 at Ames, Iowa. 
30 year 1994 1995 
Month 
average P Dep P Dep 
mm 
Jan. 22.4 20.8 -1.5 9.9 -12.4 
Feb. 21.8 11.2 -10.7 6.6 -15.2 
Mar. 52.6 3.6 -49.0 60.2 7.6 
Apr. 80.3 69.6 -10.7 131.3 51.1 
May 114.0 43.9 -70.1 110.2 -3.8 
June 146.6 142.2 -4.3 88.1 -58.4 
July 87.1 58.4 -28.7 101.3 14.2 
Aug. 92.2 113.0 20.8 78.0 -14.2 
Sep. 83.3 114.0 30.7 67.6 -15.7 
Oct. 55.6 78.0 22.4 25.9 -29.7 
Nov. 29.0 45.7 16.8 35.8 6.9 
Dec. 24.1 18.8 -5.3 15.0 -9.1 
Total 809.0 719.3 -89.7 730.0 -79.0 
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Table A4.2. Period of time and growing degree days to reach flowering stage (Rl) 
Cultivar/line Period of time to 
reach Rt 
Growing degree days to 
reach Rl 
d unit — 
Kenwood 59 966 
Sherman 61 999 
PeUa-86 67 1098 
PA 10-1-2 65 1068 
PA Bu2-2 65 1068 
PA 5-2-1 72 1181 
OR 5-12-1(1) 78 1287 
'Hutcheson' 91 1522 
OR 19-12-2 93 1544 
OR 13-12-2 92 1549 
OR 14-13-2 94 1575 
OR 14-13-4 95 1583 
OR 13-12-3 95 1588 
OR 14-11-2 95 1588 
OR 25-11-1 95 1588 
OR 13-12-1 96 1600 
OR 13-12-5 96 1604 
Biloxi 139 2211 
z J 
i 
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